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OFFICERS 

OK  TUB 

DETROIT  MEETING. 


PRESIDENT. 

WoLCOTT  GiBBS,  NewpoFt. 

W  J  McGke,  Washington,  Acting  President. 

In  the  absence  of  the  President,  the  Senior  Vice  President  became  the  acting  Presi- 
dent and  presided  throughout  the  meeting. 

VICE  FRESIDEirrS. 

A.  Mathematics  and  Astronomy— W.  W.  Beman,  Ann  Arbor,  M. 

B.  Physios  —  Carl  Barus,  Providence,  R.  I. 

C.  Chemistry— W.  P.  Mason,  Troy,  N.  Y. 

D.  Meohanioal  Soienoe  and  Engineering— John  Galbraith, 

Toronto,  Canada. 

E.  (Geology  and  CSteography  —  I.  C.  White,  Morgantown,  W.  Va. ; 

E.  W.  Ci^TPOUs,  Akron,  Ohio,  was  e1ect<*d  Vice  President  and 
presided  in  the  absence  of  Professor  White. 

P.    Zo6Iogy  — G.  Brown  Goodk,  Washington,  1).  C.     (Deceased.) 
L.  O.  Howard,  Washln^^ton,  was  elected  to  fill  vacancy. 

O.    Botany  —  Georoe  F.  Atkinson,  Ithaca,  N.  Y. 

H.   Anthropology— W  J  McGek,  Washington,  D.  C. 
I.    Social  and  Economic  Science  — Richard  T.  Colburn,  Eliza- 
beth, N.  J. 

FERMANEITT  SECRETARY. 

F.  W.  Putnam,  Cambridge,  Mass.  (Office  Salem,  Mass.) 

QEKERAIi  SECRETARY. 

Asaph  Hall,  jr.,  Ann  Arbor,  Mich. 

SECRETARY  OF  THE  COUNCIL. 

D.  S.  Kellicott,  Colarobas,  Ohio. 

SECRETARIES  OF  THE  SECTIONS. 

A.  Mathematics  and  Astronomy — James  McMahon,  Ithaca,  N.  Y. 

B.  Physics  —  Frederick  Bedell,  Ithaca,  N.  Y. 
O.    Chemistry— P.  C.  Freer,  Ann  Arbor,  Mich. 

D.  Mechanical  Science  and  Engineering  — John  J.  Flathsr, 

Lafayette,  Ind. 

E.  Gtoology  and  C3teogpaphy  — C.  H.  Smyth,  jr.,  Clinton,  N.  Y. 

F.  Zodlog^  —  C.  C.  Nutti.no,  Iowa  City,  Iowa. 
Q.    Botany — F.  C.  Newcombe,  Ann  Arbor,  Mich. 

H.    Anthropology—  Harlan  I.  Smith,  New  York,  N.  Y.     (Resigned.) 
Anita NewcombMcGkb,  Washington,  D.  C,  was  elected  to  All  vacancy. 
I.    Social  and  Economic  Science— Archibald  Blue,  Toronto, 
Canada. 

TREASURER. 

R.  S.  Woodward  of  New  York,  N.  Y. 
(6)  (V) 


MEMBERS  OF  THE  COUNCIL 


DETROIT  MEETING. 


Past  Presidents. — James  Hall  of  Albany;  Simon  Newcomb  of  Wash- 
ington; O.  C.  Marsh  of  New  Haven;  George  F.  Barker  of  Philadel- 
phia; George  J.  Brush  of  New  Haven;  J.  W.  Dawson  of  Montreal; 
C.  A.  Young  of  Princeton;  J.  P.  Lesley  of  Philadelphia;  Edward  S. 
Morse  of  Salem;  Samukl  P.  Lang  ley  of  Washington;  J.  W.  Powell 
of  Washington;  T.  C.  MENDENHALLof  Worcester;  George  L.  Goodalb 
of  Cambridge;  Albert  B.  Prescott  of  Ann  Arbor;  Joseph  LeConte  of 
Berkeley ;  Wiluam  Harkness  of  Washington ;  Daniel  G.  Brinton  of 
Media;  Edward  W.  Morley  of  Cleveland. 

Vice  Presidents  of  the  Buffalo  Meeting,^ Aixx,  Mackarlane  of  8. 
Bethlehem;  Carl  Leo  Mees  of  Terre  Haute;  W.  A.  Noyes  of  Terre 
Haute;  Frank  O.  Marvin  of  Lawrence;  Ben.  K.  Emehson  of  Amherst; 
Theodore  Gill  of  Washington;  N.  L.  BiurroN  of  New  York;  Alice 
C.  Flei'CHEr  of  Washington;  William  R.  Lazenby  of  Columbus. 

Officers  of  the  Detroit  Meeting.  —  Wolcott  Gibbs  of  Newport  (absent)  ; 
W.  W.  Bkman  of  Ann  Arbor;  Carl  Barus  of  Providence;  W.  P.  Mason 
of  Troy;  John  Galbraith  of  Toronto;  E.  W.  Claypolb  of  Akron;  L. 
O.  Howard  of  Washington ;  George  F.  Atkinson  of  Ithaca;  W  J  McGke 
of  Washington;  Richard  T.  Colburn  of  Elizabeth;  F.  W.  Putnam  of 
Cambridge;  Asaph  Hall,  jr.  of  Ann  Arbor;  D.  S.  KKLLicorr  of  Co- 
lumbus; James  McMahon  of  Ithaca;  Frkderick  Bkdbll  of  Ithaca;  P.  C. 
Freer  of  Ann  Arbor;  John  J.  Flather  of  Lafayette;  C.  H.  Smyth,  jr. 
of  Clinton ;  C.  C.  Nutting  of  Iowa  City ;  F.  C.  Newcombk  of  Ann  Arbor ; 
Anita  Newcomb  McGee,  of  Washington ;  Archibald  Blue  of  Toronto ; 
R.  S.  Woodward  of  New  York. 

From  the  Association  at  Large. — To  hold  over  until  successors  are 
elected.  A  fellow  elected  from  each  section. ~E.  W.  Hydr  of  Cincinnati 
(A.);  H.  T.  Eddy  of  Cincinnati  (B) ;  C.  B.  Dudley  of  Altoona  (C); 
Thomas  Gray  of  Terre  Haute  (D) ;  W.  N.  Rice  of  MIddletown  (B) ;  F.  M. 
Webster  of  Wooster  (F)  ;  W.  J.  Beal  of  Michigan  Agricultural  College 
(G) ;  W.  H.  Holmes  of  Washington  (H) ;  Marcus  Benjamin  of  Wash- 
ington (I) . 
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SPECIAL  COlOflnEES  OF  THE  ASSOCIinON.' 


1.    Auditors, 
£m OBT  McClintock,  MoxTi8town»  and  S.  C.  Chandler,  Cambridge. 

2.     Committee  on  Indexing  CJumical  Literature. 

H.  Cabbimgton  Boltom,  Chairtnan,  F.  W.  Clabke,  A.  R.  Lbbds,  H.  W.  Wilbt, 
J.  W.  Lamglet,  a.  B.  Fbesgott»  Alfred  Tugkerxan. 

3.     Committee  on  the  Association  Table  in  Biological  Laboratory  at 
Wood's  Soil. 

Tub  OuTGonro  ai^d  Ixcomino  vice  Prebidekts  of  Sections  F  and  G,  and  C/O. 
Whitman,  Chicago. 

4.     Committee  on  the  Policy  of  the  Association. 

The  Prbsidekt,  Chairman,  The  Permanent  Secrbtart,  The  Treasurer,  L.  O. 
Howard,  t.  C.  Mendenhall,  Mansfield  Merriman,  Wm.  H.  Brewer. 

5.     Committee  on  Standards  of  Measurements. 

T.  C.  Mendenhall,  Chairman,  w.  A.  Bogers,  £.  L.  Nichols,  B.  S.  Woodward 
H.  A.  Roland,  H.  8.  Carhart.    With  power  to  add  to  its  number. 

6.     Committee  on  Standard  Colors  and  Standard  Nomenclature  of  Colors. 
O.  N.  BOOD,  Chairman,  W.  LeConte  Steybns,  William  Hallock. 

7.     Committee  on  the  Association  Library. 
ALFRED  Springer,  Chairman,  A.  W.  Butler,  W.  L.  Dudley,  T.  H.  Norton, 
Thos.  French,  Jr. 

8.     Committee  for  the  study  of  the  White  Bace  in  America. 
B.  G.  Brinton,  J.  Mc  K.  Cattell,  W.  W.  Newell,  W  J  MgGee,  Franz  Boas. 

9.     Committee  to  cooperate  with  the  National  Educational  Association 
regarding  the  Teaching  of  Science  in  the  Secondary  Schools. 

R.  S.  Tarr,  H.  S.  Carhart,  A.  S.  Packard,  C.  F.  Maberrt,  C.  E.  Bessbt. 

10.     To  represent  the  Association  as  Member  of  the  American  Advisory 
Board  on  an  International  Code  of  Zoological  Nomenclature. 
A.  S.  Packard. 

11.     Committee  on  Uniform  Nomenclature  in  Scientific  Work. 

B.  T.  CoLBURN,  Chairman,  £.  8.  Morse,  A.  B.  Prescott,  R.  8.  Woodward,  L.  O. 
Howard. 

12.     Committee  on  Extending  the  Influence  of  the  Association  into  the  Sec- 
ondary Schools. 

£.  8.  Morse,  W.  Orr,  jr.,  T.  C.  Chambbrlin. 

1  All  Committeee  are  expected  to  present  their  reports  to  the  Council  not  later  than 
the  third  day  of  the  meeting.  Committees  sending  their  reports  to  the  Permanent 
Secretary  one  month  before  a  meeting  can  have  them  printed  for  use  at  the  meeting. 
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LOCAL  COMMITTEES 

FOB 

DETROIT     MEETING. 


For  a  fall  liet  of  Members  of  the  several  Local  CommitteeB  see  General  and  Dally 
Programmes  of  the  Meeting. 


HONORARY  COMMITTEE. 

General  Russell  A.  Aloeh,  Chairman. 

John  A.  Russell,  Secretary. 


COMMITTEE  ON  INVITATION. 

Mayor  Wiluax  C.  Mjlvbust,  Chairman. 

John  A.  Russell,  Secretary. 


GENERAL  COMMITTEE. 

Dexter  M.  Febby,  Chairman. 

Thomas  W.  Palmer.  Vice-chairman. 

John  a.  Russell,  Secretary. 


EXECUTIVE  COMMITTEE. 

Thomas  W.  Palmeb,  Chairman. 

John  A.  Russell,  Secretary. 


RECEPTION  COMMITTEE. 

Don  M.  Dickinson,  Chairman. 

David  E.  Heineman.  Secretary. 


LADIES'  RECEPTION  COMMITTEE. 

Miss  Claba  a.  Avert,  Chairman. 

Mrs. Stephen  Baldwin,  Vice-chairman. 

Mrs.  8.  L.  Smith,  Second  Vice-chairman. 

Mrs.  Nellie  Burr  Leonard,  Secretary, 

COMMITTEE  ON  TRANSPORTATION. 

Randall  G.  Butler,  Chairman. 

Blaine  Gavett,  Secretary. 
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LOCAL  COXMITTEES.  IX 


COMMITTEE  ON  HOTELS  AND  LODGINGS. 


E.  W.  Pendleton,  Chairman, 

Eabl  D.  Babst,  Secretary. 


COMMITTEE  ON  PLACE  OF  MEETING. 
Fkedkbick  L.  Bliss,  Chairman. 

COMMITTEE  ON  EXHIBITS. 
Gilbert  Wilkes,  Chairman. 

COMMITTEE  ON  EXCURSIONS  AND  ENTERTAINMENTS. 

Fbed  E.  Fabns worth,  Chairman. 

A.  H.  Griffith,  Secretary. 

PRINTING  COMMITTEE. 
John  a.  Russell,  Chairman. 

PRESS  COMMITTEE. 

Theodore  E.  Quinby,  Chairman. 

Milton  Carmichael,  Secretary. 


FINANCE  COMMITTEE. 

Thomas  W.  Palmer,  Chairman. 

Collins  B.  Hubbard,  Treasurer. 


AUDITING  COMMITTEE. 
William  S.  Crane,  Chairman. 
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OFFICERS  JSI.ECTED 

FOR  THE 

BOSTON    MEETING. 


FIFTIETH  ANNIVERSART. 


FBS8IDENT. 

F.  W.  Putnam,  Harvard  University. 
VICE  FBE8IDENT8. 

A.  Mathematics  and  Astronomy  —  E.  E.  Barnard,  Yerkes  Obser- 

vatory. 

B.  Fhysics  —  Frank  P.  Whitman,  Adelbert  College. 

C.  Chemistry—  Edgar  F.  Smith,  University  of  Pennsylvania. 

D.  Mechanical  Science  and  Engineering —M.  E.  Cooley,  Uni- 

versity of  Michigan. 

E.  Geology  and  Geography  —  H.  L.  Fairchild,  University  of  Roch- 

ester. 
P.    Zo61ogy  —  A.  S.  Packard,  Brown  University. 
G.    Botany —  W.  G.  Faulow,  Harvard  University. 
H.    Anthropology  —  J.  McK.  Cattell,  Columbia  University. 
I.    Social  and  Economic  Science  —  Archibald  Blub,  Bureau  of 

Mines,  Toronto. 

FEBMANEITF  SECBETABY. 

L.  0.  Howard,  U.  S.  Department  of  Agriculture. 

GENEBAL  SECBETABY. 

DAA^D  S.  Kellicott,  Ohio  State  University.     (Deceased.) 
Jamks  McMahon,  Cornell  University  elected  to  fill  vacancy. 

SECBETABY  OF  THE  COUNCIL. 

Frederick  Bedell,  Cornell  University. 
SECBETABIES  OF  THE  SECTIONS. 

A.  Mathematics  and  Astronomy  —  Aijexandkr  Ziwet,  University 

of  Michigan  iresigned).    James  McMahon,   Cornell  Univer- 
sity, Acting  Secretary. 

B.  Fhysics  — E.  B.  Rosa,   Wesleyan  University   (resigned).    W.   S. 

Fkanklik«  Lehigh  University,  Acting  Secretary. 

C.  Chemistry  —  Charles  Baskkrville,  University  of  North  Carolina. 

D.  Mechanical  Science  and  Engineering  —  W.  S.  Aldrich,  Uni- 

versity of  West  Virginia. 
S.    Geology  and  Geography— Warren  Upham,  Minnesota  Histori- 
cal Society. 

F.  Zo61ogy  —  C.  W.  Stiles,  U.  S.  Department  of  Airriculture   (re- 

signed).    R.  T.  Jackson,  Harvard  University,  Acting  Secretary. 

G.  Botany  — Ekwin    F.   Smiih,  U.   S.  Department  of   Agricultnre. 
H.    Anthropology  —  M.  H.  Saville,  American  Museum  of  Natural 

History. 
I.    Social  and  Economic  Science  —  Marcus  Benjamin,  U.  S.  Na- 
tional Museum. 

TBEASUBSB. 

R.  S.  Woodward,  Columbia  University. 
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MEMBERS  OF  THE  COUNCIL 

FOR  THE 

BOSTON  MEETII^G. 


FIFTIETH  ANNIVERSARY. 


Past  Presidents.— J amksKaj^l  of  Albany;  Simon  Newcomb  of  Wash- 
ington ;  O.  C.  Marsh  of  New  Haven ;  George  F.  Barker  of  Philadelphia ; 
George  J.  Brush  of  New  Haven;  J.  W.  Dawson  of  Montreal;  C.  A. 
YouxG  of  Princeton;  J.  P.  Lesley  of  Philadelphia;  Edward  S.  Morse 
of  Salem;  Samuel  P.  LANGLEYof  Washington;  J.  W.Powell  of  Wash- 
ington; T.  C.  Mkndbnhall.  of  Worcester;  George  L.  Goodalb  of 
Cambridge;  Albert  B.  Prbscott  of  Ann  Arbor;  Joseph  LeContk  of 
Berkeley;  William  Harkness  of  Washington;  Daniel  G.  Brinton  of 
Media;  Edward  W.  Morley  of  Cleveland;  Theodore  Gill  of  Wash- 
ington ;  WoLCOTT  GiBBS  of  Newport. 

Vice  Presidents  of  the  Detroit  Meeting,—  W.  W.  Bkman  of  Ann  Arbor ; 
Carl  Babus  of  Providence;  W.  P.  Mason  of  Troy;  J.  Galbraith  of 
Toronto;  E.  W.  Claypolk  of  Akron;  L.  O.  Howard  of  Washington; 
George  F.  Atkinson  of  Ithaca ;  W  J  McGee  of  Washington ;  Richard 
T.  Coi^URN  of  Elizabeth. 

Officers  of  the  Boston  Meeting.— ¥,  W.  Putnam  of  Cambridge;  E.  E. 
Barnard  of  Williams  Bay;  F.  P.  Whitman  of  Cleveland;  E.  F.  Smith 
of  Philadelphia;  M.  E.  Cooi^y  of  Ann  Arbor;  H.  L.  Fairchild  of  Roch- 
ester, A.  8.  Packard  of  Providence ;  W.  G.  Farlow  of  Cambridge ;  J. 
McK.  CATTKLLof  Ncw  York ;  Archibald  Blue  of  Toronto,  L.  O.  Howard 
of  Washington;  James  McMahon  of  Ithaca;  Frederick  Bkdell  of 
Ithaca ;  James  McMahon  of  Ithaca,  Acting  Secretary  of  A ;  W.  S.  Frank- 
lin of  S.  Bethlehem^  Acting  Secretary  of  B ;  Charles  BaskervilIe  of 
Chapel  Hill;  W.  S.  Aldrich  of  Morgantown;  Warren  Upham  of  St. 
Panl;  R.  T.  Jackson  of  Cambridge,  Acting  Secretary  of  F;  E.  F.  Smith 
of  Washington ;  M.  H.  Saville  of  New  York ;  Marcus  Benjamin  of 
Washington;  R.  S.  Woodward  of  New  York. 

From  the  Association  at  Large. —  To  hold  over  until  successors  are 
elected.  A  fellow  elected  from  each  section.— E.  W.  Hyde  of  Cincinnati 
(A);  H.  T.  Eddy  of  Cincinnati  (B) ;  C.  B.  Dudley  of  Altoona(C); 
Thomas  Gray  of  Terre  Haute  (D) ;  W.  N.  Rick  of  Middletown  (E) ;  F.  M. 
Webster  of  Wooster  (F) ;  W.  J.  Beal  of  Agricultural  College,  Michigan 
(G) ;  W.  H.  Holmes  of  Washington  (H) ;  Marcus  Benjamin  of  Wash- 
ington (I). 

(11)  (:^i) 
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MBSTIKGB. 

PLACB. 

DATE. 

MEMBKR8 

IN  ATTEKD- 

AKCB. 

NUMBER  OF 
MEMBEBS. 

1. 

Philadelphia 

Sept.  SO,  1848 

? 

461 

9. 

Cambridge 

Aug.  14,1849 

? 

540 

8. 

Charleston 

Mar.  13,  1800 

? 

633 

4. 

New  Haten 

Aug.  19,1890 

? 

704 

S. 

Cincinnati 

May    8,  1861 

87 

8Q0 

0. 

Albany 

Aug.  19. 1851 

194 

769 

7. 

Cleveland 

July  88,  18S8 

? 

940 

8. 

Washington 

April  S6,  1854 

168 

1004 

9. 

Providence 

Aug.  U,  1855 

166 

605 

10. 

Snd  Albanj 

Aug.  90,  1858 

881 

739 

11. 

Uontreiil 

Aug.  IS.  1857 

851 

940 

IS. 

Baltimore 

April  88, 1858 

190 

903 

18. 

Springfield 

Aug.    8,  1850 

190 

863 

14. 

Newport 

Aug.    1,  1800 

135 

644 

18. 

Buffalo 

Aug.  15,1866 

79 

887 

18. 

Burlington 

Aug.  81.  18«7 

73 

418 

17. 

Chicago 

Aug.    5..1868 

359 

686 

18. 

Salem 

Aug.  18,1868 

344 

511 

19. 

Troy 

Aug.  17.  1870 

188 

536 

90. 

Indianapolis 

Aug.  16,1871 

196 

668 

81. 

Dubuque 

Aug.  15, 1879 

164 

610 

SS. 

Portland 

Aug.  20, 1873 

195 

670 

SS. 

Hartford 

Aug.  18,1874 

834 

733 

M. 

Detroit 

Aug.  11,1875 

165 

807 

SO. 

Snd  BuffUo 

Aug.  83, 1876 

815 

867 

96. 

Nashville 

Aug.  29, 1877 

178 

958 

97. 

St.  Louis 

Aug.  81.  1878 

134 

963 

98. 

Saratoga 

Aug.  87,  1879 

856 

1030 

98. 

Boston 

Aug.  85,  1880 

997 

1055 

80. 

Snd  Cincinnati 

Aug.  17,  1881 

500 

1699 

81. 

Snd  Montreal 

Aug.  S8,  1888 

987 

1933 

39. 

Minneapolis 

Aug.  15, 1883 

388 

3033 

88. 

Snd  PhiUdelphIa 

Sept.   3,  1884 

1S81* 

1981 

84. 

Ann  Arbor 

Aug.  26, 1885 

364 

1986 

80. 

8d  Buffalo 

Aug.  18,1886 

445 

1886 

86. 

New  York 

Aug.  10. 1887 

789 

1956 

87. 

Snd  Cleveland 

Aug.  14,  1888 

343 

1064 

88. 

Toronto 

Aug.  86,  1889 

434 

1953 

88. 

Sd  IndUnapolIs 

Aug.   10.  1890 

364 

1944 

40. 

Sd  Washington 

Aug.  19,1891 

658t 

9054 

41. 

Hochester 

Aug.  17.  1803 

456 

3087 

48. 

Madison 

Aug.  17.1896 

890 

1989 

48. 

Brooklyn 

Aug.  15.1894 

488 

1803 

44. 

Sd  Springfield 

Aug.  88,1880 

868 

1913 

40. 

4th  Buffalo 

Aug.  84, 1896 

338 

1803 

48. 

Sd  Detroit 

Aug.    9.1897 

?83t 

1610 

•  IndndJDff  flOB  mcmbtn  of  the  Britiah  Aiwciation  and  9  other  foreign  gueete. 

t  Inclvdiiig  94  Foreign  Honoreiy  member*  for  the  meeting. 

t  Incladiag  IS  Foreign  Honorary  mcmben  and  aaaocletca  for  the  meeting. 
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OFFICERS  OF  THE  MEETINGS  OF  THE  ASSOCIATION. 


[The  number  before  the  name  is  that  of  the  meeting ;  the  year  of  the 
meeting  follows  the  name ;  the  asterisk  after  a  name  indicates  that  the 
member  is  deceased.] 

PRESIDENTS. 


7. 

8. 

9. 
10. 
11. 


18. 
U. 

10. 
16. 
17. 
18. 
19. 

20. 
21. 
22. 
23. 
24. 
25. 


f  Wm.  B.  Rogers,*  1848.  26. 

I  W.  C.  Rkdfibld,*  1848.  27. 

Joseph  Henry,*  1849.  28. 

4,  5.  A.  D.  Bache,*  March  meet-      29. 

ing,  1850,  in  absence  of  Jo-      80. 

SEPH  Henry.*  August  meet-      81. 

ing,  1850.  May  meeting,  1851.      32. 
Louis  Aoabsiz,*  August  meet-     33. 

Ing,  1851.  84. 

(No  meeting  in  1852).  35. 

Benjabon  Pierce,*  1853.  86. 

Jambs  D.  Dana,*  1854.  87. 

John  Torrey,*  1855.  38. 

James  Hall,  1856.  89. 

12.    Alexis  Caswell,*  1857,  in      40. 

place  of  J.  W.  Bailey,*  de-      41. 

ceased.     1858,  in  absence  of      42. 

Jeffries  Wyman.*  48. 

Stephen  Alexander,*  1859.         44. 
Isaac  Lea,*  1860.  45. 

(No  meetings  for  1861-65).  46. 

F.  A.  P.  Barnard,*  1866. 
J.  S.  Newberry,*  1867.  47. 

B.  A.  Gould,*  1868. 
J.  W.  Foster.*  1869. 
T.  Sterry  Hunt,*  1870,  in  the 

absence  of  Wm.Chauvenet.* 
Asa  Gray,*  1871. 
J.  Lawrence  Smith,*  1872. 
Joseph  Loverinq,*  1873. 
J.  L.  LeConte,*  1874. 
J.  E.   HiLOARD,*  1875. 
William  B.  Rogeus,*  1876. 
(xlT) 


Simon  Newcomb,  1877. 
O.  C.  Marsh,  1878. 
G.  F.  Barker,  1879. 
Lewis  H.  Morgan,*  1880. 
G.  J.  Brush,  1881. 
J.  W.  Dawson,  1882. 
C.  A.  Young,  1883. 
J.  P.  Lesley,  1884. 
H.  A.  Newton,*  1885. 
Edward  S.  Morse,  1886. 
8.  P.  Langley,  1887. 
J.  W.  Powell,  1888. 
T.  C.  Mendenhall,  1889. 
G.  Lincoln  Goodalk,  1890. 
Albert  B.  Prescott,  1891. 
Joseph  LeConte,  1892. 
William  Hakkness,  1893. 
Daniel  G.  Brinton,  1894. 

E.  W.  MoRLEY,  1895. 
Edward  D.  Copk,*  1896. 
WOLCOTT  GiBBS,  1897,  abscut. 
W  J  McGee.  Acting  President. 

F.  W.  Putnam,  1898. 


(H) 
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XV 


VICE  PRESIDENTS. 
There  were  no  Vice  Presidents  nntil  the  11th  meeting  when  there  was  a 
single  Vice  President  for  each  meeting.  At  the  24th  meeting  the  Associa- 
tion met  in  Sections  A  and  B,  each  presided  over  by  a  Vice  President.  At 
the  31st  meeting  nine  sections  were  organized,  each  with  a  Vice  President 
as  its  presiding  officer.  In  1886,  Section  G  (Microscopy)  was  given  np. 
In  1892,  Section  F  was  divided  into  F,  Zoology ;  G,  Botany. 

1867-1874. 


11.  Alexis  Caswell,*  1857,  acted  17. 

as  President.  18. 

12.  JOHK  E.  HoLBROOK,*  1858,  not  19. 

present. 

18.    Edwabd  Hitchcock,*  1859.  20. 

14.  B.  A.  Gould,*  1860.  21. 

15.  A.  A.  GouLD,*1866,  in  absence  22. 

of  R.  W.  GiBBES. 

16.  WoLCOTT  GiBBS,  1867.  2r.. 

1875-1881. 
Stetion  A.  —Mathematics,  PhyHcs 

and  Chemistry,  24. 

H.  A.  Newton,*  1875.  25. 

C.  A.  Young,  1876.  26. 

R.  H.  Thurston,  1877,  in  the  27. 

absence  of  E.  C.  Pickering.  28. 

R.  H.  Thurston,  1878.  29. 

S.  P.  Lanoley,  1879.  80. 
Asaph  Hall,  1880. 
William  Harkness,   1881,  in 
the  absence  of  A.  M.  Mayer.* 


24. 
25. 


27. 

28. 
29. 
SO. 


Charles  Whittlesey,*  1868. 

Ogden  N.  Rood,  1869. 

T.  Stekry  Hunt,*  1870,  acted 

as  President. 
G.  F.  Barker,  1871. 
Alexander  Winchell,*  1872. 
A.   H.   Worthen,*   1873,   not 

present. 
C.  S.  Lyman,*  1874. 


Section  B.— Natural  History, 
J.  W.  Dawson,  1875. 
Edward  S.  Morse,  1876. 
O.  C.  Marsh,  1877. 
Aug.  R.  Grotk,  1878. 
J.  W.  Powell,  1879. 
Alexander  Agassiz,  1880. 
Edward  T.  Cox,  1881,  in  the 
absence  of  George  Enoel- 

MANN.* 


Chairmen  of  Subsections,  1875-1881. 


StibsecHon  of  Chemistry, 

8.  W.  JOHNSOir,  1875. 

6.  F.  BabkbR,  1876. 

N.  T.  LUPTOK,*  1877. 
27.  F.  W.  Clarke,  1878. 
S8.   F.  W.  Clarke,  1879,  In  the  absence 

OflBA  REH8EN. 
J.  M.  OBDWAY,  1880. 

G.C.  Caldwell,  1881,  In  the  absence 
of  W.B.  Nichols.* 


M. 
M. 


29. 
M. 


Subsection  of  Microscopy. 
25.    B.  H.Ward,  1876. 
28.    B.H.WABD,  1877. 
27.   B.  H.  Ward,  1878,  in  the  absence  ot 

G.  8.  Blackie.* 


28.  E.W.  MORLET,1879. 

29.  S.  A.  LATTIMORE,  1880. 
80.    A.B.  Hbbvey,  1881. 

Subsection  of  Anthropology. 

24.  Lewis  H.  Morgan,*  1875. 

25.  Lewis  H  .  Moboam,*  1876. 

26.  Daniel  Wilson,*  1877,  not  present. 

27.  United  with  Section  B. 

28.  Daniel  Wilson,*  1879. 

29.  J.  w.  Powell,  1880. 

30.  Garbick  Mallebt,*  1881. 

Subsection  of  Entomology. 
80.    J.G.MobrI8,*1881. 

(15) 
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Vice  Presidents 
Section  A.—Matheniatics  and 
ABtTonomy. 
81.     W.   A.   ROOKRS,    1882,   in  the 
absence  of  Wm.  Harknkss. 
32.    W.  A.  Rogers,  1883. 

83.  H.  T.  Eddy,  1884. 

84.  Wm.   Harknsss,  1885,  in  the 

absence  of  J.  M.  Van  Vlkck. 
86.    J.  W.  GiBBS,  1886. 

86.  J.  R.  Eastman,  1887,  in  place 

of  W.  Ferrbl,*  resigned. 

87.  Ormond  Stone,  1888. 

88.  R.  S.  WoODWAKD,  1889. 

89.  S.  C.  Chandler,  1890. 

40.  E.  W.  Hyde,  1891. 

41.  J.  R.  Eastman,  1892. 

42.  C.  L.  DOOLITTLE.  1893. 
.g       f  G.  C.  Comstock,  1894. 

'     \  Edgar  Frisby,  1894. 

44.  Edgar  Frisby,  1896,  in  place 
of  E.  H.  HoLDEN,  resigned. 

46.  Alkx.  Macfarlane,  1896  in 
place  of  Wm.  E.  Story,  re- 
signed. 

46.  W.  W.  Beman,  1897. 

47.  E.  £.  Barnard,  1898. 

Section  B.— -Physics, 

81.  T.  C.  Mbndenhall,  1882. 

82.  H.  A.  Rowland,  1888 

83.  J.  Trowbridge,  1884. 

84.  S.  P.  Lanoley,  1886,  in  place 

of  C.  F.  Brackett,  resigned. 

85.  C.  F.  Bracketf,  1886. 

86.  W.  A.  Anthony,  1887. 

87.  A.  A.  MiCHELSON,  1888. 

88.  H.  S.  Cakhart,  1889. 

39.  Clkvklasd  Abbk,  1890. 

40.  F.  E.  KiPHER,  1891. 

41.  B.  F.  Thomas,  1892. 

42.  E.  L.  Nichols,  1898. 

43.  Wm.  a.  Rogers,  1894. 

44.  W.  LeContb  Stevens,  1896. 
46.  Carl  Leo  Mees,  1896. 

46.  Carl  Barus,  1897. 

47.  F.  P.  Whitman,  1898. 

(16) 


OF  Sections,  1882- 

Section  a^Chemistry. 

81.  H.  C.  Bolton,  1882. 

32.  E.  W.  Morlky,  1883. 

88.  J.  W.  Langley,  1884. 

84.  N.  T.  LuPTON,*  1886,  in  absenoe 

of  W.  R.  NICHOI.S.* 

86.  H.  W.  Wiley,  1886. 

36.  A.  B.  Pkescott,  1887. 

37.  C.  E.  MUNROE,  1888. 

38.  W.  L.  Dudley,  1889. 

89.  R.  B.  Warder,  1890. 

40.  R.  C.  Kedzie,  1891. 

41.  Alfred  Springer,  1892. 

42.  Edward  Hart,  1898. 
48.  T.  H.  Norton,  1894. 
44.  Wm.  McMurtrik,  1896. 
46.  W.  A.  NOYES,  1896. 

46.  W.  P.  Mason,  1897. 

47.  Edgar  F.  Smith,  1898. 


StctioH  D.^Mechanical  Science 
and  Engineering. 
31.    W.  P.  Trowbridge,*  1882. 
82.    DeVolson  Wood,   1883,  ab- 
sent, but  place  was  not  filled. 
38.    R.  H.  Thurston,  1884. 
84.    J.  BuRKiTT  Webb,  1886. 
86.     O.  Chanutr,  1886. 

36.  E;  B.  Coxe,  1887. 

37.  C.  J.  H.  Woodbury,  1888. 

38.  James  E.  Dknton,  1889. 

39.  James  E.    Denton,   1890,  in 

place  of  A.  Bbardslby,  ab- 
sent. 

40.  Thomas  Gray,  1891. 

41.  J.  B.  Johnson,  1892. 

42.  S.  W.  Robinson,  1898. 

43.  Mansfield  Merriman,  1894. 

44.  William  Kent,  1896. 
46.    Frank  O.  Marvin,  1896. 

46.  John  Galbraith,  1897. 

47.  M.  E.  CooLEY,  1898. 
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Vice  Presidents  of 
Section  B.— Geology  and  Geography . 

81.  E.  T.  Cox,  1882. 

32.  C.  H.  Hitchcock,  1888. 

83.  N.  H.  WiNCHELL,  1884. 
34.  Edward  Orton,  1886. 

85.  T.  C.  Chamberlin,  1886. 

36.  G.  K.  Gilbert,  1887. 

37.  George  H.  Cook,*  1888. 

38.  Charles  A.  White,  1889. 

39.  John  C.  Branner,  1890. 

40.  J.  J.  Stevenson,  1891. 

41.  H.  8.  Williams,  1892. 

42.  Charlks  D.  Walcott,  1893. 

43.  Samuel  Calvin,  1894. 

44.  Jed.  Hotchkiss,  1895. 

45.  B.  K.  Emrrson,  1896. 

46.  f  I.  C.  White,  1897. 

1 B.  W.  Claypols,  1897. 

47.  H.  L.  Fairchild,  1898. 

Section  F.Siology,  1882-92. 

31.   W.  H.  Dall,  isffi. 

82.  W.  J.  Beal,  1888. 
88.    £.  D.  Cope,*  1884. 

84.  T.  J.  BiTRBiLL,  1885,  In  the  absence 

of  B.G.  Wilder. 

86.  H.  P.  BOWDTTCH,  1886. 

86.  W.  G.  Fablow,  1887. 

87.  C.  V.  RiLET.*  1888. 

88.  GEOBOE  L.  GOODALE,  1889. 

89.  C.  S.  MiNOT,  1890. 

40.  J.  M.  COULTEB,  1881. 

41.  S.  H.  GAOB,  1882. 

Section  F.—  Zoology. 

42.  HBKBT  F.  Osbobn,  1803. 

48.  J.  A.  LiMTNEB,  1894,  in  place  of  8. 

H.  Scuddeb,  resigned. 

44.  L.  O.  Howabd,  1895,  in  place  of  D. 

8.  JOBDAN,  resigned. 

45.  Theo.  Gill,  1896. 

46.  L.  O.  Howard,  1897,  in  place  of  G. 

Bbowk  Goode,*  deceased. 

47.  A.8.  PaGKABD,1898. 

Section  G.^Micro8COpy,  1882>85. 

81.  A.H.  TUTTLE,  1882. 

82.  J.  D.  Cox,  1888. 

83.  T.  G.  Wobmlbt,  1884. 

84.  8.  H.  GAGE,  1885. 

(Section  united  with  F  in  1886.) 

A.   A.    A.   8.    VOL.   XLYl  B 


Sbctions,  continued. 

Section  G.^ Botany. 

48.  CHABLES  £.  BESSEr,  1898. 

48.  I  L.  M.  Undebwood,  1894. 

I  C.  E.  BE89EY,  1894. 

44.  J.  C.  ABTHUB,  1885. 

45.  N.  L.  Bbitton,  1896. 
44.  G.  F.  Atkinson,  1897. 
47.  W.  G.  Fablow,  1886. 

Section  H. — Anthropology. 
81.    Alexander  Winchell,*  1882. 

32.  Otis  T.  Mason,  1883. 

33.  Edward  S.  Morse,  1884. 

34.  J.  OwKN    DORSEY,*    1885,  In 

absence  of  W.  H.  Dall. 

86.  Horatio  Hale,*  1886. 

36.  D.  G.  Brinton,  1887. 

37.  Charles  C.  Abbott,  1888. 

38.  Garrick  Mallery,*  1889. 

39.  Frank  Baker,  1890. 

40.  Joseph  Jastrow,  1891. 

41.  W.  H.  Holmes,  1892. 

42.  J.  Owen  Dorset,*  1893. 

43.  Franz  Boas,  1894. 

44.  F.  H.  Gushing,  1896. 

46.  Alice  C.  Flktcher,  1896. 

46.  W  J  McGeb,  1897. 

47.  J.  McK.  Cattell,  1898. 
Section  I.  —  Social    and  Economic 

Science. 

31.  E.  B.  Elliott,*  1882. 

32.  Frankun  B.  Hough,*  1883. 

33.  John  Eaton,*  1884. 

34.  Edward  Atkinson.  1886. 
36.    Joseph  CbMMiNas,*  1886. 

36.  H.  E.  Alvord,  1887. 

37.  Charles  W.  Smilet,  1888. 

38.  Charles  S.  Hill,  1889. 

39.  J.  Richards  Dodge,  1890. 

40.  Edmund  J.  James,  1891. 

41.  L.  F.  Ward,  1892,  In  place  of 

S.  D.  HoRTON,*  resigned. 

42.  William  H.  Brewer,  1893. 

43.  Henrt  Farquhar,  1894. 

44.  B.  E.  Fernow,  1896. 
46.     W.  L.  Lazenby,  1896. 

46.  R.  T.  COLBURN,  1897. 

47.  Archibald  Blur,  1898. 

(17) 


xviii 


OFKICKK8    OP   THE   MKETING8    OF  TUK   ASSOCIATION. 


4. 
6. 

6. 
7. 

8. 

9. 
10. 
II. 
12. 

18. 
14. 
15. 

16 
17. 

18. 
19. 

20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
28 

29. 
80. 
81. 
82. 
88. 
84. 
35. 
86. 


SECRK 
General  Serrefaries,  1848- 
Walter  R.  Johnson,*  1848. 
E.  N.  HoRSFORD,*  1849,  In  ab- 
sence of  .Ieffkies  Wtman.* 
L.  U.  GiBBs,  1850,  in  absence 
of  E.  C.  Herrick.* 

E.  C.  Herrick,*  1850. 
William  B.  Rogers,*  1861,  in 

absence  of  E.  C\  Herrick  * 
William  B.  Rogers,*  1851. 
S   St.  John,*  1853,  in  absence 

of  J.  D.  Dana* 
J.  Lawrrnce  Smith,*  1854. 
Wolcott  Gibbs,  1855. 

B.  A.  Gould,*  1856. 
John  LeConte,*  1857. 

W.  M.  GiiXESPiE,*  1858,  In  ab- 
Rence  of  Wm.  Chauvenkt.* 

William  Chauvenkt,*  1859. 

Joseph  LeContk,  1860. 

EUAS  LooMis,*  1866,  in  the  ab- 
sence of  W.  P.  Trowbridge* 

C.  S  Lyman,*  1867. 

SiMuN     Newcomb,     1868,    in 
absence  of  A.  P.  Rockwell. 
O.  C.  Marsh,  1869. 

F.  W.  Putnam,  1870,  in  ab- 
sence of  C.  F.  Hartt* 

F.  W.  Putnam,  1871. 
Edward  S.  Morse,  1872. 
C.  A.  White,  1878. 
A.  C.  Hamlin,  1874. 
8.  H.  Scuddbr,  1875. 
T.  C.  Mbndknhall,  1876. 
Aug.  R.  Grote,  1877. 
H.  C.  Bolton,  1878. 
H.  C.  Bolton,  1879,  in  the  ab- 
sence of  George  Little. 
J.  K.  RsES.  1880. 
C.  V.  Riley,*  1881. 
William  Saunders,  1882. 
J.  R.  Eastbian,  1888. 
Alfrkd  Springer,  1884. 
C.  S.  MiNoT,  1885. 
S.  G   Williams,  1886. 
WiLUAM  H.  Pettxe,  1887. 
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TARIES. 

37.    Julius  Pohlman,  1888. 

C.  Leo  Mees,  1889. 

H.  C.  Bolton,  1890. 

H.  W.  Wiley,  1891. 

A.  W.  Butler,  18i»2. 

42.  T.  H.  Norton,  1893. 

43.  H.  L.  Fairchild,  1894. 
Jas.  Lewis  Howe,  1895. 
Charles  R.  Barnes,  1896. 

46.  Asaph  Hall,  jr.,  1897. 

47.  I).  S.  Kellicott,  1898. 


38. 
39. 
40. 
41. 


44. 
45. 


Permanent  Secretaries,  1851- 
5-7.      Spencer  F.  Baikd,*  1851-4. 
8-17.    Joseph  Lovering,*  1854-68. 
18.     F.  VV.  Putnam,  1869,  in  the 
absence  of  J.  Lovering.* 
19-21.  Joseph  LovKRi no,*  1870-73. 
22-46    F.  W.  Putnam,  1873-98. 
47-48.  L.  O.  Howard.   1898-99. 


Assistant  General  Secretaries. 
1882-1887. 
31.    J.  R.  Eastman,  1882. 

M.     A  LFUKD  SPUINGKR,  ItWS. 

83.    C.  8.  MiNOT.  1884,  in  absence  of  K.  8. 
HOLDEN, 

.  34.    8.  G.  WiLLiAMM,  1885,  In  the  abseucv 
ot  C.  C.  .\RBott. 
85.    VF.  H.  Pettee,  188B. 
36.   J.  C.  Arthur,  1887. 


Secretaries  of  the  Council,  1888- 


37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 


C.  Leo  Mess,  1888. 
H.  C,  Bolton,  1889. 
H.  W.  Wiley,  1890. 
A.  W.  Butler,  1891 
T.  H.  Norton,  1892. 

H.  Lkrot  Fairchild,  1898. 
Jas.  Lewis  Howe,  1894. 
Charles  R.  Barnes,  1895. 
Asaph  Hall,  jr.,  1896. 

D.  8.  Kellicott,  1897. 
Frkdbrigx  Bkdxix,  1898. 


OPPICBKS   OF   THE   MBETINr.S   OK   THK    ASSOCIATION. 


XIX 


Secretaries  of  Section  A.—Mathemat- 
i>a.  Physics  and  Chemistry,  1875-81. 

jl      j  8.  P.  IiAKOLBY,  1878. 

'  T.  C.  MBNDBNHALL,  1876. 

«.  A.  W.  Wright,  1876. 

•18.  II.  c.  Bolton,  18T7. 

47.  P.  E,  NIPHER,  1878. 

*28.  J.  K.  Rbbs,  1879. 

».    H.  B.  Mason,  1880. 
.•».    E,  T.  Tappan,  1881,  In  the  absence  of 
John  Tbowbridgb. 


Secretaries  of  Section  /?.—  Ndtvral 
History,  1876-81. 

24.  Edward  S.  Morse,  1875. 

25.  Albert  H.  Tuttlb,  1876. 
28.    William  H.  Dai.l,  1877. 

27.  George  Ltttlb,  1878. 

28.  William  H.  Dall,  1879,  in  the  ab- 

sence of  A.  C.  Wetherbv. 
2».    Charles  V.  Riley,*  1880. 
30.    William  Saunders,  1881. 


Secretaries  of  Subsections,  1876-81. 


Subsection  of  Chemistry, 

u.    F.  W.  Clarke,  1876. 

26.  H.  C.  Bolton,  1876. 

*l.     P.  SCHWEITZER,  1877. 

27.  A.  P.  8.  Stuart,  1878. 

28.  w.  R.  Nichols,*  1879. 

29.  C.  E.  MUNROB,  1880. 

so.    Alfred  Springer,  1881,  Id  the  ab- 
sence of  K.  B.  Warder. 

Subsection  of  Entomology. 

30.  B  P.  Mann.  1881. 


Subsection  of  Anthropo!ogy. 

24.  F.  W.  Putnam,  1876. 

25.  Otis  T.  Mason,  1876. 

26.  27.    United  with  .Section  B. 
28.29,80.     J.  O.  HENDERSON.   1879-81. 

Subsection  of  Microscopy. 

25.  E.  W.  MORLEY,  1876. 

26.  T.  O.  SOMMERS.  JR.,  1877. 

27.  6.  J.  Enoblmann,  1878. 

28.  29.     A.  B.  IIERVEY,  1879.1880. 

80.    W.  H.  Seaman,  1861.  in  the  absence 
of  S.  P.  Sharplks. 


Sbchetakiks  of  the  Sections,  1882- 


S^ction  A.^Mathematics   and 
Astronomy. 
31.     H.  T.  Eddy,  1882. 
82.     6.  W.  HouoB,  1888,  in  the  ab- 
sence of  W.  W.  Johnson. 
38.    G.  W.  Hough,  1884. 
34.     B.  W.  Htdb,  1886. 
86.    8.  C.  Chandler,  1886. 
86.    H.  M.  Paul,  1887. 

37.  C.  C.  Doolittle,  1888. 

38.  G.  C.  Com.stock,  1889. 
89.     W.  W.  Bbman,  1890. 

40.  F.  H.  BiGELOW,  1891. 

41.  WiNSLOw  Upton,  1892. 

42.  C.    A.   Waldo,    1893,    In    the 

absence  of  A.  W.  Phillips. 

43.  J.  C.  Kebshnbr,  1894,  in  place 

of  W.  W.  Beman,  resigned. 

44.  AsAFH  Hall,  jr.  ,  1 896.  in  place 

of  E.  H.  Moore,  resigned. 
46.    Edwin  B.  Frost,  1896. 
46.    James  McMahon,  1897. 
47. 1898,  in   place  of 

Alrxandxr  ZiwET,  resigned. 


Section  B. -Physics. 

31.  O.  S.   Hasti.nGS,  1882. 

32.  F.  £.  Nipher,  1888,  in  the  ab- 

sence of  C.  K.  Wead. 

33.  N.  D.  C.  Hodges,  1884. 

34.  B.   F.   Thomas,  1885,  in  place 

of  A.  A.  MiCHELS(»N, resigned. 

36.  H.  S.  Oarhart,  1886. 
86.     C.  Leo  Mees,  1887. 

37.  Alex.  Macfarlane,  1888. 

38.  E.  L.   N1CHO1.S,  1889. 

39.  E.  M.  Avery,  1890. 

40.  Alex.  Macfarlane,  1891. 

41.  Bhown  Ayres,  189:;. 

42.  W.  LeConte  Stevens,  1893. 

43.  B.   W.  Snow,  1894. 

44.  E.  Mbkritt,  1896. 

45.  Frank  P.  Whitman,  1896. 

46.  Fredbkick  Bedell.  1897. 

47. ,  1898,  in  place  of 

E.  B.  Rosa,  resigned. 
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Secretaries  of  the  Sections,  continued. 


81. 


83. 

84. 
85. 
86. 
87. 
88. 
89. 
40. 
41. 
42. 

48. 

44. 

45. 
4G. 
47. 


Section  C.—Chemistry. 

Alfred  Springer,  1882. 
r  J.  W.  Langley,  1888. 

\  W.  McMuKTiUE,  1888. 

H.   Cakmichael,  1884,  in  the 
absence  of  R.  B.  Warder. 

F.  P.  Dunnington,  1886. 

W.  MCMURTRIK,  1886. 

C.  S.  Mabbry,  1887. 

W.  L.  Dudley,  1888. 

Edward  Hart,  1889. 

W.  A.  NoYES,  1890. 

T.  H.  Norton,  1891. 

J  AS.  Lewis  Howe,  1892. 

H.  N.  Stokes,  1893,  in  the  ab- 
sence of  J.  U.  Nef. 

Morris  Loeb,  1894,  in   place 
of  S.  M.  Babcock,  resided, 
f  W.  P.  Mason,  1895. 

\  W.  O.  Atwater,  1895. 

Frank  P.  Vknable,  1896. 

P.  C.  Freer,  1897. 

C.  Baskkrville,  1898. 


Section  D. — Mechanical  Science  and 
Engineering, 
J.  Burkitt  Webb,  1882,  in  the 

absence  of  C.  R.  Dudley. 
J.  Burkitt  Webb,  1883,  pro 

tempore. 
J.  BuRKirr  Webb,  1884. 

C.  J.  H.  Woodbury,  1885. 
William  Kent,  1886. 
G.  M.  Bond,  1887. 
Arthur  Beakdsley,  1888. 
W.  B.  Warner,  1889. 
Thomas  Gray,  1890. 
WiLUAM  Kent,  1891. 
O.  H.  Landreth,  1892. 

D.  S.  Jacobus,  1898. 
John  H.  Kinraly,  1894. 
H.  S.  Jacoby,  1895. 
John  Galbratth,  1896. 
John  J.  Flather,  1897. 
W.  S.  Aldrich.  1898. 
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81 


82 


84. 
85. 
86. 
87. 
88. 
89. 
40. 
41. 
42. 
48. 
44. 
45. 
46. 
47. 


Section  E.^  Geology  and  Geography. 

31.  H.  S.  Williams,  1882,  in  the 

absence  of  C.  B.  Dutton. 

32.  A.  A.  JuUEN,  1888. 

83.  E.  A.  Smith,  1884. 

84.  G.   K.   Gilbert,   1885,  in  the 

absence  of  H.  C.  Lewis.* 

85.  E.  W.  Claypole,  1886. 

86.  W.  M.  Davis,  1887,  in  the  ab- 

sence of  T.  B.  COMSTOCK. 

37.  John  C.  Branner,  1888. 

38.  John  C.  Branner,  1889. 

39.  Samuel  Calvin,  1890. 

40.  WJMcGee,  1891. 

41.  R.  D.  Salisbury,  1892. 

42.  W.  H.  Hobbs,  1893,  in  place  of 

R.  T.  Hill,  resigned. 
48.    Jed.  Hotchkiss,  1894,  in  place 
of  W.  M.  Davis,  resigned. 

44.  J.  Pkrrin  Smith,  1895. 

45.  W.  N.  Rice,  1896,  in  place  of 

A.  C.  Gill,  resigned. 

46.  C.  H.  Smyth,  jr.,  1897. 

47.  Warren  Upham,  1898. 

Section  F.— Biology,  1882-92. 

81.   William  Osler,  1882,  in   the  ab- 
sence of  C.  S.  MiNOT. 
32.   S.  A.  Forbes,  1883. 

83.  C.  K.  Bkssey,  1884. 

84.  J.  A.  Lintner,  1886.  in  place  of  C. 

H.  Fsrnald,  resigned. 
35.   J.  C.  Arthur,  1886. 

86.  J.  H.  ComstoCK,  1887. 

87.  B.  H.  Feknow,  1888. 

88.  A.  W.  Butler,  1889. 

89.  J.  M.  Coulter,  1890. 

40.  A.  J.  COOK,  1891. 

41.  B.  D.  HAL8TED,  1898. 

Section  F.—ZoUogy. 

42.  L.  O.  Howard,  1883. 

48.  John  B.  Smith,   1884,  In   place  of 

Wm.  Libbv,  jr.,  resigned. 
44.    C.  W.  Hargitt,  1896,  in  place  of  S. 
A.  Forbes,  resigned. 

4A.     D.  8.  KeLLICOTT,  1896. 

46.  C.  C.  Nutting,  1897. 

47.    ,  1898,  In  place  of  C.  W.  STILES, 

resigned. 
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SXCRBTARIKS  OP  THE  SECTIONS,   CONTINUED. 


Section  O.^Micro9Copy,  1882-86. 

Si.    BOBEHT  BBOWN,  jr.  1882. 

SS.   Carl  Seilsr,  1888. 

83.   RoMTN  Hitchcock,  1884. 

S4.    W.H.  WALM8LBT,  1885. 


42. 

48. 

44. 

45. 
46. 
47. 


81. 
32. 
H8. 

84. 
85. 
86. 

87. 
88. 
89. 
40. 
41. 

42. 
48. 


Section   O.— Botany. 
B.  T.  Galloway,  1893,  in  the 

absence  of  F.  V.  Coville. 
Charles  R.  Barnes,  1894. 

f  B.  T.  Galloway,  1896. 
\  M.  B.  Waitk,  1896. 
GsoBGE  F.  Atkinson,  1896. 
F.  C.  Newcombe,  1897. 
Erwin  F.  Smith,  1898. 


Section  H. — Anthropology. 

Otis  T.  Mason,  1882. 

G.  H.  Perkins,  1883. 

G.  H.  Pekkins,  1884,  in  the  ab- 
sence of  VV .  H .  Holmes. 

Erminnie  a.  Smith,*  1886. 

A.  W.  Butler,  1886. 

Charles  C.  Abbott,  1887,  in 
absence  of  F.  W.  Langdon. 

Frank  Bakkb,  1888 

W.  M.  Bkauchamp,  1889. 

Joseph  Jastkow,  1890. 

W.  H.  Holmes,  1891. 

W.  M.  Beauchamp,  1892,  in 
place  of  S.  CuuN,  resigned. 

Warren  K.Moouehe  AD,  1898. 

A.  F.  Chambeblin,  1894. 
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Stewart  Culin  and  W. 
W.  TooKKR,  1895,  in  place 
of  Anita  N.  McGee  re- 
signed. 

46.    G.  H.  Pbrkins,  1896,  in  place 
of  J.  G.  BouRKE,*  deceased. 

46.  Anita  N.  McGek,  1897,  in  place 

of  Harlan  I.  Smith,  resigned. 

47.  Marshall  H.  Savillk,  1898. 


SecMon  I. —  Social  and  Economic 

Science. 

gj       f  Franklin  B.  Hough,*  1882. 

\  J.  Richards  Dodge,  1882. 
82.    Joseph  Cummings,*  1883. 

33.  Charles  W.  Smilky,  1884. 

34.  Charlks  W.  Smiley,  1885,  in 

absence  of  J.  W.  Chickbring. 
36.     H.  E.  Alvord,  1886. 

36.  W.  R.  Lazknby,  1887. 

37.  Charles  S.  Hiix,  1888. 

38.  J.  Richards  Dodge,  1889. 

39.  B.  E.  Fernow,  1890. 

40.  B.  E.  Fernow,  1891. 

41.  Henry  Farquhar,    1892,    in 

place  of  L.  F.   Ward  made 
Vice-president. 

42.  Nelue  S.  Kedzie,  1893. 

43.  Manley  Milks,  1894. 

44.  W.  R.  Lazenby,  1896,  in  place 

of  E.  A.  Ross,  resigned. 
46.     R.  T.  COLBURN,  1896. 

46.  Archibald  Blue,  1897. 

47.  Marcus  Benjamin,  1898. 


TREASURERS. 


1.  Jeffries  Wyman,*  1848. 

2.  A.  L.  Elwyn,*  1849. 

3.  St.  J.  Ravenel,*  1860,  in  the 

absence  of  A.  L.  Klwyn.*^ 

4.  A.  L.  Elwyn,*  1860. 

5.  Spencer  F.  Baird,*  1851,  in 

absence  of  A.  L.  Elwyn.* 
6-7.    A.  L.  Elwyn,"  1851-1863. 


8.    J.  L.  LeContk,*  1864,  in  ab- 
sence of  A.  L.  Elwyn.* 
9-19.     A.  L.  Elwyn,*  1866-1870. 
20-30.     William   S.  Vaux,*   1871- 

1881. 
32-42.    William  Lilly,*  1882-1 893. 
43-47.    R.  S.  Woodward,  1894-98. 
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COMMONWEALTH  OF  MASSACHUSETTS. 


IN  THE  YEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  SEVENTY-FOUR. 

AN  ACT 

To   Incorporate  the  "  American  Association  for  the 
Advancemknt  op  Science." 

Be  it  enuctfd  by  the  Senate  and  House  of  BepresefOatives,  in  General  CouH 
aasnnblfd,  and  by  the  atUhority  of  the  same,  a8folloiOi<: 
Skcth»n  1.  Joseph  Henry  of  Washington,  Benjamin  Pierce  of  Cam- 
bridge, James  D.  Dana  of  New  Haven,  James  Hall  of  Albany,  Alexis 
Caswell  of  Providence,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
Philadelphia,  F.  A  P.  Barnard  of  New  York,  John  S.  Newberry  of  Cleve- 
land, B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  "  American  Association 
for  the  Advancement  of  Science,"  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  **  American  Association  for  the  Ad- 
vancement of  Science,"  for  the  purpose  of  receiving,  purchasing,  hold- 
ing and  conveying  real  and  personal  property,  which  it  now  is,  or  hereafter 
may  be,  possessed  of,  with  all  the  powers  and  privileges,  and  subject 
to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general  laws 
which  now  or  hereafter  may  be  in  force  and  applicable  to  such  rorpo- 
rations. 

Skction  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand  dol- 
lars in  value,  and  personal  estate  of  the  value  of  two  hundred  and  fifty 
thousand  dollars. 

Section  3.    Any  two  of  the  corporators  above  named  are  hereby 
authorized  to  call  the  (Irst  meeting  of  the  said  corporation  in  the  month 
of  August  next  ensuing,  by  notice  thereof  *'by  mail,*'  to  each  member  of 
the  said  .Association. 
Section  4.     This  act  shall  take  effect  upon  its  passage. 

House  of  Representatives,  March  10,  1874. 
Passed  to  be  enacted, 

John-  E.  Sanpokd,  Speaker 
In  Sknatk,  March  17,  1874. 

Passed  to  be  enacted.  March  19,  1874. 

Geo.  B.  Loring,  Fresident.  Approved, 

W.  B.  Washburn. 

SKCKKTARY'S  DEPARTMENT; 

Boston,  April  S,  1874. 

A  true  copy,  Attest : 

David  Pulsifer, 
Deputy  Secretary  of  the  Commonwealth. 
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CONSTITUTION 

OF   THE 

AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT  OF 

SCIENCE. 

Ineorporated  by  Act  of  the  General  Coxirt  of  tlie  Commonwealth  of  Maitachtttett*. 


Objects. 


Articlk  1.  The  objects  of  the  Association  are,  hy  periodical  and  mi- 
gratory meetings,  to  promote  Intercourse  between  those  who  are  culti- 
vating science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientific  men  increased  facilities  and  a 
wider  usefulness. 

Mkmbbrs,  Fkllows,  Patrons  akd  Honorary  Fellows. 
Art.  2.     The  Association  shall  consist  of  Members,  Fellows,  Patrons, 
Corresponding  Members  and  Honorary  Fellows. 

Art.  3.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  In  writing  by  two  members  or  fellows,  and  election  by 
the  Council.  Any  Incorporated  scientific  society  or  Institution,  or  any 
public  or  Incorporated  library,  may  be  enrolled  as  a  member  of  the 
Association  by  vote  of  the  Council  by  payment  of  the  initiation  fee; 
such  society,  institution  or  library  may  be  represented  by  either  the 
President,  Curator,  Director  or  Librarian  presenting  proper  credentials 
at  any  meeting  of  the  Association  for  which  the  assessment  has  been 
paid. 

Art.  4.  Fellows  shall  be  elected  by  the  Council  from  such  of  the 
members  as  are  professionally  engaged  in  science,  or  have  hy  their  labors 
aided  In  advancing  science.  The  election  of  fellows  shall  be  by  ballot 
and  a  majority  vote  of  the  members  of  the  Council  at  a  designated 
meeting  of  the  Council. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one  thou- 
sand dollars  shall  be  classed  as  a  Patron,  and  shall  be  entitled  to  all  the 
privileges  of  a  member  and  to  all  its  publications. 
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Art.  6.  Honorary  Fellows  of  the  Association,  not  exceeding  tbree 
for  each  section,  maybe  elected;  the  nominations  to  be  made  by  the 
Council  and  approved  by  ballot  in  the  respective  sections  before  election 
by  ballot  in  General  Session.  Honorary  Fellows  shall  be  entitled  to  aU 
the  privileges  of  Fellows  and  shall  be  exempt  from  all  fees  and  assess- 
ments, and  entitled  to  all  publications  of  the  Association  issued  after  the 
date  of  their  election.  Corresponding  Members  shall  consist  of  such 
scientists  not  residing  in  America  as  may  be  elected  by  the  Council,  and 
their  number  shall  be  limited  to  fifty.  Corresponding  Members  shall  be 
entitled  to  all  the  privileges  of  members  and  to  the  annual  volumes  of 
Proceedings  published  subsequent  to  their  election. 

Art.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  the  Association,  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months, 
shall  have  been  given ;  and  no  such  person  shall  be  restored  until  he  has 
paid  his  arrearages  or  has  been  reelected.  The  Council  hhall  have  pow- 
er to  exclude  from  the  Association  any  member  or  fellow,  on  satisfac- 
tory evidence  that  said  member  or  fellow  is  an  improper  person  to  be 
connected  with  the  Association,  or  has  in  the  estimation  of  the  Council 
made  improper  use  of  his  membership  or  fellowship. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  of, 
or  hold  office  in,  more  than  one  section  at  any  one  meeting. 

Officsrs. 
Art.  9.  The  officers  of  the  Association  shall  be  elected  by  ballot  by  the 
Nominating  Committee  from  the  fellows,  and  shall  consist  of  a  President, 
a  Vice  President  from  each  section,  a  Permanent  Secretary ,  a  General  Sec- 
retary, a  Secretary  of  the  Council,  a  Treasurer,  and  a  Secretary  of  each 
Section;  these,  with  the  exception  of  the  Permanent  Secretary,  shall  be 
elected  at  each  meeting  for  the  following  one  and,  with  the  exception  of 
the  Treasurer  and  the  Permanent  Secretary,  shall  not  be  re61igible  for 
the  next  two  meetings.  The  term  of  office  of  Permanent  Secretary 
shall  be  five  years. 

Art.  10.  The  President,  or,  in  his  absence,  the  senior  Vice  President 
present,  shall  preside  at  all  General  Sessions  of  the  Association  and  at 
all  meetings  of  the  Council.  It  shall  also  be  the  duty  of  the  President 
to  give  an  address  at  a  General  Session  of  the  Association  at  the  meet- 
ing following  that  over  which  he  presided. 

Art.  11.    The  Vice   Presidents  shall  be  chairmen  of  their  respective 
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SecUons,  and  of  their  Sectional  Committees,  and  It  shall  be  part  of  their 
duty  to  give  an  juldress,  each  before  his  own  section,  at  su^  time  as  the 
council  shall  determine.  The  Vice  Presidents  may  appoint  temporary 
Chairmen  to  preside  over  the  sessions  of  their  sections,  bnt  shall  not 
delegate  their  other  dalles.  The  Vice  Presidents  shall  have  seniority  in 
order  of  their  continuous  membership  in  the  Association. 

Abt.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  General 
Sessions  of  the  Association,  and  shall  keep  a  record  of  the  business  of 
these  sessions.  He  shall  receive  the  records  from  the  Secretaries  of 
the  Sections,  which,  after  examination,  he  shall  transmit  with  his  own 
records  to  the  Permanent  Secretary  within  two  weeks  after  the  adjourn- 
ment of  the  meeting. 

Art.  18.  The  Secretary  of  the  Council  shall  keep  the  records  of  the 
Council.  He  shall  give  to  the  Secretary  of  each  Section  the  titles  of 
papers  assigned  to  it  by  the  Council.  He  shall  receive  proposals  for 
membership  and  bring  them  before  the  Council. 

Abt.  14.  The  Permanent  Secretary  shall  be  the  executive  officer  of 
the  Association  under  the  direction  of  the  Council.  He  shall  attend  to 
all  business  not  specially  referred  to  committees  nor  otherwise  constitu- 
tionally provided  for.  He  shall  keep  an  account  of  aU  business  that  he 
has  transacted  for  the  Association,  and  make  annually  a  general  report 
for  publication  in  the  annual  volume  of  Proceedings.  He  shall  attend  to 
the  printing  and  distribution  of  the  annual  volume  of  Proceedings,  and 
all  other  printing  ordered  by  the  Association.  He  shall  issue  a  circular 
of  information  to  members  and  fellows  at  least  three  months  before 
each  meeting,  and  shall,  in  connection  with  the  Local  Committee,  make 
all  necessary  arrangements  for  the  meetings  of  the  Association.  He 
shall  provide  the  Secretaries  of  the  Association  with  such  books  and  sta- 
tionery as  may  be  required  for  their  records  and  business,  and  shall  pro 
vide  members  and  fellows  with  such  blank  forms  as  may  be  required  for 
facilitating  the  business  of  the  Association.  He  shall  collect  all  assess- 
ments and  admission  fees,  and  notify  members  and  fellows  of  their 
election,  and  of  any  arrearages.  He  shall  receive,  and  bring  before  the 
Council,  the  titles  and  abstracts  of  papers  proposed  to  be  read  before  the 
Association.  He  shall  keep  an  account  of  all  receipts  and  expenditures 
of  the  Association,  and  report  the  same  annually  at  the  first  meeting  of 
the  Council,  and  shall  pay  over  to  the  Treasurer  such  unexpended  funds 
as  the  Council  may  direct.    He  shall  receive  and  hold  In  trust  for  the 
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Association  all  books,  pamphlets  and  manuscripts  belonging  to  t>ie  As:«oci- 
atlon,  and  allow  the  use  of  the  same  under  the  provisions  of  the  Constitution 
and  the  orders  of  the  Council.  He  shall  receive  all  communications  ad- 
dressed to  the  Association  during  the  intervals  between  meetings,  and 
properly  attend  to  the  same.  He  shall  at  each  meeting  report  the  names 
of  fellows  and  members  who  have  died  since  the  preceding  meeting. 
He  shall  be  allowed  a  salary  which  shall  be  determined  by  the  Council,  and 
may  employ  one  or  more  clerks  at  such  compensation  as  may  be  agreed 
upon  by  the  Council. 

Art.  15.  The  Treasurer  shall  Invest  the  funds  received  by  him  in  such 
securities  as  may  be  directed  by  the  Council.  He  shall  annually  present 
to  the  Council  an  account  of  the  funds  in  his  charge.  No  expenditure  of 
the  principal  in  the  hands  of  the  Treasurer  shall  be  made  without  a  unan- 
imous vote  of  the  Council,  and  no  expenditure  of  the  income  received 
by  the  Treasurer  shall  be  made  without  a  two-thirds  vote  of  the  Conucil. 
The  Treasurer  shall  give  bonds  for  the  faithful  performnnce  of  his  duty 
in  such  manner  and  sum  as  the  Council  shall  from  time  to  time  direct. 

Art.  16.  The  Secretaries  of  the  Sections  shall  keep  the  records  of 
their  respective  sections,  and,  at  the  close  of  the  meeting,  give  the  same, 
Inclndlng  the  records  of  subsections,  to  the  General  Secretary.  They 
shall  also  be  the  Secretaries  of  the  Sectional  Committees.  The  Secre- 
taries shall  have  seniority  in  order  of  their  continuous  membership  in 
the  Association. 

Art.  17.  In  case  of  a  vacancy  in  the  office  of  the  President,  one  of 
the  Vice  Presidents  shall  be  elected  by  the  Council  as  the  President  of  the 
meeting.  Vacancies  in  the  offices  of  Vice  President,  Permanent  Secre- 
tary, General  Secretary,  Secretary  of  the  Council,  and  Treasurer,  shall 
be  filled  by  the  Council  by  ballot.  A  vacancy  In  the  office  of  Secretary  of 
a  Section  shall  be  filled  by  nomination  and  election  by  ballot  in  the 
Section. 

Art.  18.  The  Council  shall  consist  of  the  past  Presidents,  and  the  Vice 
Presidents  of  the  last  meeting,  together  with  the  President,  the  Vice  Pres- 
idents, the  Permanent  Secretary,  the  General  Secretary,  the  Secretary  of 
the  Council,  the  Secretaries  of  the  Sections,  and  the  Treasurer  of  the  cur- 
rent meeting,  with  the  addition  of  one  fellow  elected  from  each  Section 
by  ballot  on  the  first  day  of  its  meeting.  The  members  present  at  any 
regularly  called  meeting  of  the  Council,  provided  there  are  at  least  five, 
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shall  form  a  quoram  for  the  traiiHaction  of  boBines:!.  The  Coancll  ahnll 
meet  on  the  day  preceding  each  nnnual  meeting  of  the  Association,  and  ar- 
range the  programme  for  the  first  day  of  the  sessions.  The  time  and  place 
of  this  first  meeting  shall  be  dt* signated  by  the  Permanent  Secretary. 
Unleas  otherwise  agreed  apon,  regular  meetings  of  the  Council  shall  be 
held  in  the  Council  room  at  9  o'clock,  a.m.,  on  each  day  of  the  meeting  of 
the  Association.  Special  meetings  of  the  Council  may  be  called  at  any  time 
by  the  President.  The  Council  shall  be  the  board  of  supervision  of  the 
Association,  and  no  business  shall  be  transacted  by  the  Association  that 
has  not  first  been  referred  to,  or  originated  with,  tlie  Council.  The 
Council  shall  receive  and  assign  papers  to  the  respective  sections ;  ex- 
amine and,  if  necensary,  exclude  papers;  decide  which  papers,  discus- 
sions and  other  proceedings  shall  be  published,  and  have  the  general 
direction  of  the  publications  of  the  Associiitlon ;  manage  the  financial 
aflUrs  of  the  Association;  arrange  the  business  and  programmes  for 
General  Sessions ;  suggest  subjects  for  discui^sion,  investigation  or  re- 
ports; elect  members  and  f  el  lowi};  and  receive  and  act  upon  all  invita- 
tions extended  to  the  Association  and  report  the  same  at  a  General  'Ses- 
sion of  the  Association.  The  Council  shall  receive  all  reports  of  Special 
Committees  and  decide  upon  them,  and  only  such  shall  be  read  in  General 
Session  as  the  Council  shall  direct.  The  Council  shall  appoint  at  each 
meeting  the  following  sub- committees  who  shall  act,  subject  to  appeal  to 
the  whole  Council,  until  their  successors  are  appointed  at  the  following 
meeting:  1,  on  Papers  and  Reports;  2,  on  Members;  8,  on  Fellows. 

Art.  19.  The  Nominating  Committee  shall  consist  of  the  Council,  and 
one  member  or  fellow  elected  by  each  of  the  Sections.  It  shall  be  the 
duty  of  this  Committee  to  meet  iit  the  call  of  the  President  and  elect 
the  general  officers  for  the  following  meeting  of  the  Association.  It  shall 
also  be  the  duty  of  this  Committee  to  fix  the  time  and  place  for  the  next 
meeting.  The  Vice  President  and  Secretary  of  each  Section  shall  be 
recommended  to  the  Nominating  Committee  by  a  sub-committee  consist- 
ing of  the  Vice  President,  Secretary,  and  three  members  or  fellows 
elected  by  the  Section. 

MSKTINOS. 

Art.  20.  The  Association  shall  huld  a  public  meeting  annually,  for  one 
week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of 
the  Nominating  Committee,  and  the  preliminary  arrangements  for  each 
meeting  shall  be  made  by  the  Local  Committee,  in  conjunction  with  the 
Permanent  Secretary  and  such  other  persons  as  the  Council  may  designate. 
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Art.  21.  A  General  Session  shall  be  held  at  10  o'clock,  a.  m.,  on  the 
first  day  of  the  meeting,  and  at  sach  other  times  as  the  Council  may  di- 
rect. 

Skgtions  and  Subsections. 

Art.  22.  The  Association  shall  be  dirlded  into  Sections,  namely  r^A, 
Mathematics  and  Astronomy;  B,  PhyHca;  C,  Chemistry ,  including  its  ap- 
plication to  agriculture  and  the  arts;  D,  Mechanical  Science  and  Engineer- 
ing;  B,  Geology  and  Geography;  F,  Zoology;  G,  Botany;  H,  Anthropology; 
I,  Social  and  Economic  Science,  The  Council  shall  have  power  to  consol- 
idate any  two  or  more  Sections  temporarily,  and  such  consolidated  Sec- 
tions shall  be  presided  over  by  the  senior  Vice  President  and  Secretary 
of  the  Sections  comprising  it. 

Abt.  23.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  Tellows  elected  by  ballot  after  open  nomination,  who,  with  the  Vice 
President  and  Secretary  and  the  Vice  President  and  Secretary  of  the  pre- 
ceding meeting  shall  form  Its  Sectional  Committee.  The  Sectional  Com- 
mittees shall  have  power  to  fill  vacancies  in  their  own  numbers.  Meetings 
of  the  Sections  shall  not  be  held  at  the  same  time  with  a  General  Session. 

Art.  24.  The  Sectional  Committee  of  any  Section  may  at  its  pleasure 
form  one  or  more  temporary  Subsections,  and  may  designate  the  officers 
thereof.  The  Secretary  of  a  Subsection  shall,  at  the  close  of  the  meeting, 
transmit  his  records  to  the  Secretary  of  the  Section. 

Art.  26.  A  paper  shall  not  be  read  in  any  Section  or  Subsection  until 
it  has  been  received  from  the  Council  and  placed  on  the  programme  of  the 
day  by  the  Sectional  Committee. 

Sectional  Committees. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  Sections.  They  shall  prepare  the  daily  programmes 
and  give  them  to  the  Permanent  Secretary  for  printing  at  the  earliest 
moment  practicable.  No  titles  of  papers  shall  be  entered  on  the  dally  pro- 
grammes except  such  as  have  passed  the  Council.  No  change  shall  be 
made  in  the  programme  for  the  day  in  a  Section  without  the  consent  of 
the  Sectional  Committee.  The  Sectional  Committees  may  refuse  to  place 
the  title  of  any  paper  on  the  programme;  but  every  such  title,  with  the 
abstract  of  the  paper  or  the  paper  itself,  must  be  returned  to  the  Council 
with  the  reasons  why  it  was  refused. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  Sections,  and  they  shall  not  place  on  the  programme 
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any  paper  Inconsistent  with  the  character  of  the  Association ;  and  to  this 
end  they  liaye  power  to  call  for  any  paper,  the  character  of  which  may 
not  be  sufficiently  nnder stood  from  the  abstract  submitted. 

Papbrs  and  Commumications. 

Art.  28.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  the  conyen- 
ing  of  the  Association,  full  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature ;  and  no  title  shall  be  referred  by  the  Coun- 
cil to  the  Sectional  Committee  until  an  abstract  of  the  paper  or  the  paper 
itself  has  been  received. 

Art.  29.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  bottom  of  the  list. 

Art.  30.  Whenever  practicable,  the  proceedings  and  discussions  at 
General  Sessions,  Sections  and  Subsections  shall  be  reported  by  profes- 
sional reporters,  but  such  reports  shall  not  appear  In  print  as  the  official 
reports  of  the  Association  unless  revised  by  the  Secretaries. 

•  Printed  Procesdinos. 
Art.  31.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  In  an  octavo  volume  as  soon  after  the  meeting  as  possible, 
beginning  one  month  after  a^ournment.  Authors  mxi»t  prepare  their 
papers  or  abstracts  ready  for  the  press,  and  these  must  be  in  the  hands  of 
the  Secretaries  of  the  Sections  before  the  final  adjournment  of  the  meet- 
ing, otherwise  only  the  titles  will  appear  in  the  p tinted  volume.  The 
Council  shall  have  power  to  order  the  printing  of  any  paper  by  abstract 
or  title  only.  Whenever  practicable,  proofs  shall  be  forwarded  to  authors 
for  revision.  If  any  additions  or  substantial  alterations  are  made  by  the 
author  of  a  paper  after  its  submission  to  the  Secretary,  the  same  shall  be 
distinctly  Indicated.  Illustrations  must  be  provided  for  by  the  authors  of 
the  papers,  or  by  a  special  appropriation  from  the  Council.  Immediately 
on  publication  of  the  volume,  a  copy  shall  be  forwarded  to  every  member 
and  fellow  of  the  Association  who  shall  have  paid  the  assessment  for  the 
meeting  to  which  it  relates,  and  it  shall  also  be  offered  for  sale  by  the 
Permanent  Secretary  at  such  price  as  may  be  determined  by  the  Council. 
The  Council  shall  also  designate  the  institutions  to  which  copies  shall  be 
distributed. 
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LOCAI,  COBCMITTKK. 

Art.  82.  The  IjOcbI  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Associiition  and  residing  at  or  near  the  place  of  the  pro- 
posed meeting.  It  is  expected  that  the  Locnl  Committee,  assisted  by  the 
officers  of  the  Association,  will  make  all  essential  arrangements  for  the 
meeting,  and  issue  a  circular  giving  necessary  particulars,  at  least  one 
month  before  the  meeting. 

Library  of  the  Association. 
Art.  88.  All  books  and  pamphlets  received  by  the  Association  shall  be 
in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
same  printed  and  shall  furnish  a  copy  to  any  member  or  fellow  on  appli- 
cation. Members  and  fellows  who  have  paid  their  assessments  in  full 
shall  be  allowed  to  call  for  books  and  pamphlets,  which  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make  good 
any  loss  or  damage  and  to  return  the  same  free  of  expense  to  the  Secre- 
tary at  the  time  specified  in  the  receipt  given.  All  books  and  pamphlets 
in  circulation  must  be  returned  at  each  meeting.  Not  more  than  five  books, 
Including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be  held  at  one 
time  by  any  member  or  fellow.  Any  book  may  be  withheld  from  circula- 
tion by  order  of  the  Council.  [The  Library  of  the  Association  was,  by 
vote  of  the  Council  in  1895,  placed  on  deposit  In  the  Library  of  the  Uni- 
versity of  Cincinnati,  Ohio  Members  can  obtain  the  use  of  books  by 
writing  to  the  Librarian  of  the  University  Library,  Cincinnati,  Ohio.] 

Admission  Fsb  and  Assessmbnts. 
Abt.  84.    The  admission  fee  for  members  shall  be  five  dollars  in  addi- 
tion to  the  annual  assessment.  On  the  election  of  any  member  as  a  fellow 
an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  85.  The  annual  assessment  for  members  and  fellows  shall  be  three 
dollars. 

Art.  86.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member,  and  as 
such,  shall  be  exempt  from  all  further  assessments,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association.  All  money  thus  received  shall  be 
invested  as  a  permanent  fund,  the  income  of  which,  during  the  life  of 
the  member,  shall  form  a  part  of  the  general  fund  of  the  Association ;  but, 
after  his  death,  shall  be  U5>ed  only  to  assist  in  original  research,  unless 
otherwise  directed  by  unanimous  vote  of  the  Council. 
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Abt.  37.     All  lees  and  assessments  must  be  paid  to  the  Permanent 
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Wltmer,   Dr.    Lightner,  University  of   Pennsylvania,   Philadelphia,  Pa. 
(46).  H 
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Rice,  Prof.  Wm.  North,  Wesleyan  University,  Mlddletown,  Conn.  (18). 

1874.    E  F 
Richards,  Prof.  Charles   B.,  137   Edwards   St.,  New  Haven,  Conn.    (33). 

1886.    D 
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Richards,  Edgar,  341  W.  88th  St.,  New  York,  N.  Y.  (81).  1886.     C 
Richards,  Prof.  Robert  H.,  Massachusetts   Institute  Technology,  Back 

Bay,  Boston,  Mass.  (22).     1875.  D 
Richards,  Mrs.  Robert  H.,  Massachusetts  Institute  of  Technology,  Back 

Bay,  Boston,  Mass.  (28).     1878.  G 
Richardson,  Clifford,  Sup*t  of  Tests,  Barber  Asphalt  Paving  Co.,  Long 

Island  City,  N.  Y.  (80).     1884.  O 
Ricketts,  Prof.  Palmer  C,  17  1st  St.,  Troy,  N.  Y.  (88).     1887.     D  A 
RIcketts,  Prof.  Pierre  de  Peyster,  104  John  St.,  New  York,  N.  Y.   (26). 

1880.     C  D  E 
Ripley,  William  Z.,  Ph.D.,  Ne^vton  Centre,  Mass.  (44).  1897.  H  I 
Robinson,  Benjamin  Lincoln,  Curator  Harvard  Herbarium,  Cambridge, 

Mass.  (41).   1898.    G 
Robinson,  Prof.   Franklin  C,  Bowdoin  College,  Brunswick,  Me.  (29). 

1889.  C  D 
Robinson,  Prof.  S.  W.,  1358  Highland  St.,  Columbus,  Ohio  (30).  1883. 

DBA 
Rockwell,  Gen.  Alfred  P.,  Manchester,   Mass.  (10).     1882.    E 
Rockwell,  Chas.  H.,  Box  293,  Tarry  town,  N.  Y.  (28).     1888.    A  D 
Rock  wood,   Prof.   Charles  G.,  jr.,   Princeton  College,  Princeton,  N.  J. 

(20).     1874.    A  E  B  D 
Rogers,  Prof.  W.  A.,  Colby  University,  Waterville,  Me.   (16).  1875.  A  B  D 
Rominger,  Dr.  Carl,  Ann  Arbor,  Mich.  (21).     1879.    E 
Rood,  Prof.  O.  N.,  Columbia  University,  New  York,  N.  Y.  (14).     1876.    B 
Rosa,  Edward  Bennett,  Prof,  of  Physics,  Wesleyan  University,  Middle- 
town,  Conn.  (89).  1892.  AB 
Ross,  Waldo  O.,  1  Chestnut  St.,  Boston,  Mass.  (29).     1882. 
Rotch,  A.  Lawrence,  Director  of  Blue  Hill  Meteorological  Observatory, 

Hyde  Park,  Mas.s.  (39).    1896.  B 
Rowland,  Prof.  Henry  A.,  Baltimore,  Md.  (29).     1880.  B 
Rowlee,  W.  W.,  Cornell  University,  Ithaca,  N.  Y.  (41).    1894.  G 
Runkle,   Prof.  J.  D.,   Massachusetts  Institute  of  Technology,   Boston, 

Mass.    (2).  1876.    AD 
Rusby,  Henry  H.,  M.D.,  College  of  Pharmacy,  211  E.  28d  St.,  New  York, 

N.  Y.    (36).     1890.  G 
Russell,  Prof.  H.   L.,  University  of  Wisconsin,   Madison,  Wis.    (41). 

1894.  G 
Russell,  I.  C,  University  of  Mich.,  Ann  Arbor,  Mich.  (26).  1882.   B 
Ryan,  Harris  J.,  Cornell  University,  Ithaca,  N.  Y.    (38).    1890.  B 

Sadtler,  Sam*l  P.,  1042  Drexel  Building,  Philadelphia,  Pa.    (22).  1876.    C 
Safford,  Dr.  James  M.,  Nashville,  Tenn.  (6).     1876.   E  C  F 
Safford,  Prof.  Traman  H.,  Williamstown,  Mass.     (41).     1892.    A 
Salisbury,  Prof.  R.  D.,  Chicago  University,  Chicago,  III.  (37).    1890.  BE 
Salmon,  Daniel  E.,  Department  of  Agriculture,  Washington,  D.  C.    (81). 
1886.  P 
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Sannders,  Prof.  Charles E.,  32  St.  Mary  St.,  Toronto,  Ontario,  Can.  (41). 

1895.    G 
Sannders,  William,  LL.D.,  F.R.S.C.,  F.L.S.,  Director  Canadian  Ezperi- 

menUl  Farms,  Ottawa,  Can.  (17).     1874.  F 
Saville,  Marshall  H.,  American  Museum  Natural  History,  Central  Park, 

New  York,  N.  Y.  (89).    1892.    H 
ScRABBERLB,  J.  M.,  Astrouomer  in  the  Lick  Observatory,  San  Jos6,  Cal. 

(34).  1886.   A 
Schanck,  Prof.  J.  Stillwell,  Princeton,  New  Jersey  (4).     1882.    G  B  H 
Schott,  Charles  A.,  U.  S.  Coast  and  Oeodetic  Survey  Office,  Washington, 

D.  C.  (8).     1874.   A 
Schwarz,  E.  A.,  230  New  Jersey  Ave.,  Washington,  D.  C.  (29).  1896.    P 
Schweinltz,  Dr.  E.  A.  de.  Department  of  Agriculture,  Washington,  D.  C. 

(36).  1889.    G 
Schweitzer,  Prof.  Paul,  State  University  of  Missonri,  Colnmbia,  Mo.  (24). 

1877.    G  B 
ScuDDKR,  Samuel  H.,  Cambridge,  Mass.  (13).     1874.  F 
Scull,  Miss  S.  A.,  Smethport,  McKean  Co.,  Pa.  (40).  1895.    H 
Seaman,  W.  H.,  Chemist,  1424  11th  St.  N.  W.,  Washington,  D.  C.  (28). 

1874.  C  P 
Searle,  Prof.  Geo.  M.,  Catholic  University,  Washington,  D.  C.  (39).  1891.  A 
See,  Horace,  1  Broadway,  New  York,  N.  Y.  (34).    1886.  D 
Seymour,  Arthur  Bliss,  Cambridge,  Mass.  (36).     1890.  0 
Seymour,  Paul  Henry,  479  Second  Ave.,  Detroit,  Mich.  (44).     1896.     C 
Sharp,  Dr.  Clayton  H.,  Ithaca,  N.  Y.  (45).    1897. 
Sharpies,  Stephen  P.,  13  Broad  St.,  Boston,  Mass.  (29).     1884.   C 
Shaw,  Prof.  James  Byrnie,  1030  Grove  St.,  Jacksonville,  111.  (43).  1896.  A 
Sheldon,  Samuel,   A.M.,   Ph.D.,   Polytechnic  Institute,  Brooklyn,   N.  Y. 

(42).  1894.   B 
Shelton,  Prof.  Edward  M.,  Department  of  Agriculture,  Brisbane,  Queens- 
land, Australia  (32).  1892.  F 
Shimer,  Porter  W.,  E.M.,  Easton,  Pa.  (38).     1889.    C 
Shufeldt,  Dr.  R.  W.,  Smithsonian  Institution,  Washington,  D.  C.  (40). 

1892.  F 

Sias,  Solomon,  M.D.,  Schoharie,  Schoharie  Co.,  N.  Y.  (10).     1874. 
Sigsbee,  Chas.  D.,  Com'dY  U.  S.  N.,  U.  S.  Hydrographic  Office,  Washing- 
ton, D.  C.   (28).  1882.     D  B 
Simon,  Dr.  Wm.,  1348  Block  St.,  Baltimore,  Md.  (29).  1895.    C 
Simonds,  Prof.  Frederic  W  ,  University  of  Texas,  Austin,  Texas    (25). 

1888.  E  F 
SkUton,  James  A.,  115  Broadway,  New  York.  N.  Y.  (43).  1896.    I 
Skinner,  Aaron  N.,  U.  S.  Naval  Observatory,  Washington,  I).  C.  (40). 

1893.  A 

Smith,  Alex.,  Ph.D.,  University  of  Chicago,  Chicago,  III.  (40).    1892.     C 
Smith,  Prof.  Chas.  J.,  35  Adelbert  St.,  Cleveland,  Ohio  (82).     1885.     A  B 
Smith,  Prof.  Edgar F., University  of  Pennsylvania,  Philadelphiu,  Pa.  (83). 
1891.  C 
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Smith,  £dwin,  Rockville,  Montgomery  Co.,  Md.  (30).     1882.     A  B 
Smith,  Prof.  Brastus  G.,  Beloit  College,  Belolt,  Wis.  (34).     1887.    C 
Smith,  Erwin  F.,  Department  of  Agriculture,  Washington,  D.  C.  (34). 

1890.    G 
Smith,  Prof.  Eugene  A.,  Unirersity,  Ala.  (20).     1877.    B  C 
Smith,  Harlan  I.,  American  Museum  Natural  History,  Central  Park,  New 

York,  N.  Y.  (41).    1896.    H 
Smith,  James  Perrin,  Ph.D.,  Ass't  Prof,  of  Paleontology,  Leland  Stanford 

Junior  University,  Palo  Alto,  Cal.    (37).    1894.   CB 
Smith,  John  B.,  Professor  of  Entomology,  Rutgers  College,  New  Bruns- 
wick, N.  J.    (32).     1884.  P 
Smith,  Quintius  C,  M.D.,  617  Colorado  St.,  Austin,  Texas  (26)    1881.  F 
Smock,  Prof.  John  Conover,  Trenton,  N.  J.  (23).  1879.    B 
Smyth,  C.  H.,  jr.,  Clinton,  N.  Y.    (38).    1894.   E 
Snow,  Prof.  F.  H.,  Lawrence,  Kan.  (29).  1881.    FE 
Snyder,  Prof.  Harry,  Saint  Anthony  Park.  Minn.    (44).   1897.   C 
Snyder,  Prof.  Monroe  B.,  High   School  Observatory,  Philadelphia.  Pa. 

(24).  1882.  A  B 
Soule,  R.  H  ,  care  Baldwin  Locomotive  Works,  Philadelphia,  Pa.  (33). 

1886.  D 
Spencer,  Prof.  J.  William,  1320  Corcoran  St.,  Washington,  D.  C.  (28). 

1882.  B 
Spenzkr,  John  G.,  M.D.,  370  Central  Ave.,  Cleveland,  Ohio  (37).  1895.  C 
Spinney,  L.  B.,  Iowa  State  College,  Ames,  Iowa   (42).    1897.  B 
Springer,  Dr.  Alfred,  Box  621,  Cincinnati,  Ohio  (24).     1880.  C 
Squibb,  Edward  R.,  M.D.,  162  Columbia  Heights,  Brooklyn,  N.  Y.  (43). 

1896. 
Starr,  Frederick,  Ph.D.,  Prof.  University  of  Chicago,  Chicago,  111.  (86). 

1892.  H  E 
Stearns,  Robert  £.  C,  Shaffer  House,  525  Sand   St.,  Los  Angeles,  Cal. 

(18).     1874.  F 
Stedman,  John  M.,  Prof,  of  Entomology,  State  University  of  Missouri, 

Columbia,  Mo.  (40).     1892.    F 
Steinmetz,  Chas.  Proteus,  General  Electric  Co.,  Schenectady,  N.  Y.  (40). 

1895.  B 
Stejneger,  Leonhard,  Curator  Dept.  of  Reptiles,  National  Museum,  Wash- 
ington, D.  C.  (40).     1892.    F 
Stephens,  W.  Hudson,  Lowvllle,  N.  Y.  (18).  1874.   B  H 
Sternberg,  George  M.,  M.D..  LL.D.,  Surgeon  General  U.  S.  A.,  War  De- 
partment, Washington,  D.  C.  (24).  1880.  F 
Stevens,  Prof.  W.  LeConte,  Rensselaer  Polytechnic  lustltnte,  Troy,  N.  Y. 

(29).     1882.    B 
Stevenson,  Mrs.  Cornelius,  237  S.  21st  St.,  Philadelphia,  Pa.  (33).   1895.  H 
Stevenson,  Prof.  John  J.,  Univ.  Heights,  New  York,  N.  Y.  (86).   1888.    E 
Stevenson,  Mrs.  Matilda  C,  Bureau  of  Ethnology,  Washington,  D.  C. 

(41).     1893.     H 
Stieglitz,  Dr.  Julius,  University  of  Chicago,  Chicago,  111.  (39).  1896.  C 
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Stokes,  Henry  Newllii,  Ph.D.,  U.  8.  Geological  Survey,  Washington,  D.  C. 

(38).  1891.    G  B 
Stone,  Ormond,  Director  Leander  McCormick  Observatory,  Unlverrtlty  of 

Virginia,  Va.  (24).     1876.    A 
Story,  Prof.  Wm.  E.,  Clark  University,  Worcester,  Mass.  (29).     1881.    A 
Stowell,  Prof.  T.  B.,  Potsdam,  N.  Y.  (28).     1886.  P 
Stoart,  Prof.  A.  P.  S.,  Lincoln,  Nebraska  (21).     1874.  C 
Storgis,  Wm.  C,  384  Whitney  Ave.,  New  Haven,  Conn.  (40).     1892.    0 
Sturtevant,  £.  Lewis,  M.D.,  S.  Framingham,  Mass.  (29).     1882.    0 
Swingle,  Walter  T.,  Department  of  Agriculture,  Washlngtou,  1).  C.  (40). 

1892.     G 

Tainter,  Charles  Sumner,  Central  Power  Station,  Washington,  D.  C.  (29). 

1881.  BDA 

Talbot,  Henry  P.,  Prof.  Analytical  Chemistry,   Massachusetts  Institute 

of  Technology,  Back  Bay.  Boston,  Mass.    (44).    1896.    C 
Taylor,  Frank  B.,  391  Fairfield  Ave.,  Fort  Wayne,  Ind.    (39).    1897. 
Tesla,  Nikola,  LL.D.,  65  W.  27th  St.,  New  York,  N.  Y.  (43).   1896.    B 
Thomas,  Beijamin  F.,  Ph.D.,  State  University,  Columbus,  Ohio  (29). 

1882.  B  A 

Thomas,  Prof.  M.  B.,  Crawfordsville,  Ind.   (41).    1894.  Q 

Thompson,  Joseph  Osgood,  Amherst,  Mass.  (41).     1893. 

Thomson,   Elihu,  Tiiomson-Hou8ton  Electric  Co.,  Lynn,   Mass.      (37). 

1888.    B 
Thomson,  Wm.,  M.D.,  1426  Walnut  St.,  Philadelphia,  Pa.  (33).     1886.  B 
Thornburg,  Charles  L.,  Prof.  Math,  and  Astron.,  I^hlgh  University,  S. 

Bethlehem,  Pa.   (44).   1897.  A 
ThruHton,  Gate.M  Phillips,  Nashville,  Tenn.  (38).     1890.    H 
Thruston,  R.  C.  Ballard,  care  Ballard  &  Ballard  Co.,  Louisville,  Ky.  (36). 

1896.    B 
Thurston,  Prof.  R.  H.,  Sibley  College,  Cornell  University,  Ithaca,  N.  Y. 

(23).  1876.    D 
Tittmann,  Otto  H.,  U.  S.  Coast  and  Geodetic  Survey  Office,  Washington, 

D.  C.  (24).    1888.    A 
Todd,  Prof.  David  P.,  Director  Lawrence  Observatory,  Amherst  College, 

Amherst,  Mass.  (27).  1881.    A  B  D 
Todd,  Prof.  James  E.,  Box  22,  Vermlliou,  S.  Dak.    (22).     1886.  E  F 
Tooker,  William  WalUice,  Sag  Harbor,  N.  Y.  (43).  1895.    H 
Tracy,  Sam'l  M.,  Agricultural  College,  Miss.  (27).     1881.  0 
Trelease,  Dr.  Wm.,  Director  Missouri  Botanical  Gardens,  St.  Louis,  Mo. 

(39).  1891.  G 
Trenholm,  Hon.  W.  L.,  President  American  Surety  Co.,  160  Broadway, 

New  York,  N.  Y.  (36).     1896. 
Trimble,  Prof.  Henry,  146  N.  10th  St.,  Philadelphia,  Pa.  (34).     1889.    C 
True,  Fred  W.,  National  Museum,  Washington,  D.  C.  (28).     1882.    F 
Tocker,  Willis  G.,  M.D.,  Albany  Med.  College,  Albany,  N.  Y.  (29).  1888.  C 
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TuCKEKMAN,  Alfkkd,  Ph.D.,  342  W.  57th   St.,  New  York,  N.  Y.     (39). 

1891.     C 
Twitchell,   E.,    10   Bellevue  Ave.,  Mt.   Auburn,   Cincinuati,   Ohio   (89). 

1891.     C 

Uhler,  PhlUp  R.,  254  W.  Hoffman  St.,  Baltimore,  Md.  (19).     1874.   FE 
Underwood,  Lucien  M.,  Prof,  of  Botany,  Columbia  University,  New  York, 

N.  Y.   (83).     1886.    G 
Upham,  Warren,  Librarian  of  the  Minnesota  Historical  Society,  St.  Paul, 

Minn.     (25).     1880.     B 
Upton,  Wlnslow,  Brown  University,  Providence,  R.  I.  (29).     1883.  A 

Van  Dyck,  Prof.  Francis  Cuyler,  New  Brunswick,  N.  J.  (28).  1882.  B  C  P 
Van  HIse,  Charles  R.,  University  of  WLscousln,  Madison,  Wis.  (37).  1890. 
Van   Vleck,  Prof.  John   M.,  Wesleyan   University,   Mlddletown,   Conn. 

(28).     1875.    A 
Veeder,  Major  Albert,  M.D.,  Lyons,  Wayne  Co.,  N.  Y.  (36).     1895. 
Venable,  Prof.  F.  P.,  Chapel  Hill,  N.  C.  (39).     1891.     C 
Vogdes,  A.  W.,  Captain  6th  Artillery,  Fort  Mason,  San  Francisco,  Cal. 

(32).   1886.     BF 
Voorhees,  Louis  A.,  Agricultural  Experiment  Station,  New  Brunswick, 

N.  J.  (43).  1895.  C 

Wadsworth,  Prof.  M.  Edward,  Ph.D.,  Director  of  the  Michigan  Mining 

School,  State  Geologist  of  Michigan,  Houghton,  Mich.  (23).    1874.  B 
Wagner,  Frank  C,  Rose  Polytechnic  Institute,  Terre  Haute,  Ind.  (34). 

1897.     D 
Waite,  M.  B,  Dep't  of  Agriculture,  Washington,  1).  C.    (37).    1893.  0 
Walcott,  Charles  D.,  Director  U.  S.  Geological  Survey,  Washington,  D.  C. 

(25).   1882.    E  F 
Waldo,  Leonard,  S.  D.,  57  Coleman  St.,  Bridgeport,  Conn.  (28).   1880.  A 
Wallace,  Wm.,  Ausonia,  Conn.  (28).     1882. 
Waller,  E.,   School  of  Mines,  Columbia  University,  New  York,  N.  Y. 

(23).  1874. 
Walmsley,  W.  H.,  134  136  Wabash  Ave.,  Chicago,  III.    (28).     1883.  F 
Ward,  Prof.  Henry  A.,  Rochester,  N.  Y.  (13).     1875.    F  B  H 
Ward,  Lester  F.,   U.    S.   Geological  Survey,  Washington,  D.  C.     (26). 

1879.     B  G 
Ward,  Dr.  R.  H.,  53  Fourth  St.,  Troy,  N.  Y.  (17).     1874.    OF 
Ward,  Wm.  E.,  Port  Chester,  N.  Y.  (36).     1889.  D 
Warder,  Prof.  Robert  B.,  Howard  University,  Washington,  D.  C.  (19). 

1881.     C  B 
Warneh,  Jamks  D.,  199  Baltic  St.,  Brooklyn,  N.  Y.  (18).     1874.   A  B 
Warner,  Worcester R.,  1722  Euclid  Ave.,  Cleveland,  Ohio  (33).  1888.   A  B  D 
Warren,  Dr.  Joseph  W.,  Bryn  Mawr  Coll.,  Bryn  Mawr,  Pa.  (31).    1886.  F 
Warren,  Prof.  S.  Edward,  Newton,  Mass.  (17).    1875.  A-I 
Washington,  Dr.  Henry  S.,  Locust,  N.  J.    (44).    1897.   E 
Watson,  Prof.  Wm.,  107  Marlborough  St.,  Boston,  Ma-ss.    (12).  1884.   A 
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Webb.  Prof.  J.  Burkitt,  Sterens  Inst.,  Hoboken,  N.  J.  (81).    1883.    DBA 

Weber,  Prof.  Henry  A.,  Ohio  State  Univ.,  Columbus,  Ohio  (36).    1888.   P 

Webster,  F.  M.,  Wooster,  Ohio  (36).  1890.      P 

Webster,  Prof.  N.  B.,  Vlneland,  N.  J.  (7).     1874.     B  C  E 

Weed,  Clarence  M.,  Durham,  N.  H.    (38).     1890.  P 

Weld,  Prof.  Laenas  G.,  State  University  of  Iowa,  Iowa  City,  Iowa  (41). 

1896.  A 

West,  Dr.  Charlks  E.,  Brooklyn,  N.  Y.  (1).  1895. 

White,  Prof.  H.  C,  University  of  Georgia,  Athens,  Ga.  (29).    1886.  C 

Whitk.  Prof.  I.  C,  University  of  West  Virginia,  Morgantown,  W.  Va. 

(25).   1882.  B 
Whlteaves,  J.  F.,  Geological  Survey,  Ottawa,  Ontario,  Can.  (81).   1887.  B  P 
Whitfield,  J.  Edward,  406  Locust  St.,  Philadelphia,  Pa.  (44).     1896.     C 
Whittleld,R.  P.,  American  Museum  Natural  History,  77th  St.  and  8th  Ave- 
nue, New  York,  N.  Y.  (18).     1874.    B  F  H 
Whiting,  Miss  Sarah  F.,  Wellesley  College,  Wellesley,  Mass.    (81).    1883. 

BA 
Whitman,  Prof.  Frank  P.,  Adelbert  College,  Cleveland,  Ohio  (33).      1885. 

AB 
Wiley,  Prof.  Harvey  W.,  Department  of  Agriculture,  Washington,  D.C. 

(21).  1874.    C 
Williams,  Benezette,  171  La  Salle  St.,  Chicago,  111.  (33).     1887.    D 
Williams,  Charles  H.,  M.D.,  15  Arlington  St.,  Boston,  Mass.  (22).     1874. 
Williams,  Prof.  Edw.  H.,  jr.,  117  Church  St.,  Bethlehem,  Pa.  (25).    1894. 

BD 
Williams,  Francis  H.,  M.D.,  .505  Beacon  St.,  Boston.  Mass.  (29).  1890. 
Williams,  Prof.  Henry  Shaler,  Yale  University,  New  Haven,  Conn.  (18). 

1882.    B  F 
Williams,  Prof.   Thomas  A.,  Division  of  Agrostology,  Department  of 

Agriculture,  Washington,  D.  C.    (42).  1894.    G 
Willis,  Bailey,  U.  S.  Geological  Survey,  Washington,  1).  C    (36).  1890. 
Willonghby,   Charles    C,  Peabody   Museum,   Cambridge,    Mass.     (45). 

1897.  H 

Wlllson,  Prof.  Frederick  N.,  Princeton,  N.  J.  (33).     1887.    A  D 

Willson,  Robert  W.,  Cambridge,  Mass.  (80).  1890.    B  A 

Wilson,  Joseph  M.,  Room  1036,  Drexel  Building,  Philadelphia,   Pa.    (33). 

1886.   D 
Wilson,  Robert  N.,  Macleod,  Alberta,  Can.  (42).  1896.    H 
Wilson,  Thomas,  National  Museum,  Washington,  D.  C.  (36).   1888.  H 
Wilson,  Prof.  William   Powell,   Department  of  Biology,   University  of 

Pennsylvania,  Philadelphia,  Pa.  (38).  1889.  G 
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ADDRESS 

BY 

THEODORE  GILL, 

THE   RETIRING   PRESIDENT.^ 


EDWABD   DRJNKEH   COPE,   N^ATUBALTST -^  A   CHAPTEB  m 
THE  HISTORY  OF  SCIENCE. 


I. 

Bitter  constraint,  and  sad  occasion  dear. 
Compels  me  to  dlstarb  your  season  dae: 
For  Lycldas  Is  dead,  dead  ere  his  time. 
Our  Lycldas,  and  hath  not  left  his  peer. 

On  the  morning  of  the  Idth  of  April,  in  a  car  on  my  way  from 
a  funeral  in  New  York  to  Washington,  a  newspaper  notice  of  the 
death,  the  day  before,  of  my  old  friend,  E.  D.  Cope,  caught  my 
eye.  Shocked  by  the  intelligence,  I  dropped  the  paper,  and  memory 
recalled  various  incidents  of  our  long  acquaintance. 

The  threnody  of  Milton,'  in  commemoration  of  his  friend  Edward 
King,  also  rose  to  recollection,  and  the  lines  just  quoted  seemed  to 
me  to  be  peculiarly  fitted  for  the  great  man  just  dead.  He  was, 
indeed,  no  longer  young  and  had  attained  his  prime,^  but  he  had 
planned  work  for  many  years  to  come  and  had  well  advanced  in 
the  execution  of  some  of  it.     He  had  truly  died  before  his  time  and 

^  Professor  Gill,  the  Senior  Vice  President  of  the  Association  for  the  Baffalo  meet- 
ing, became  President  of  the  Association  on  the  death  of  President  Cope.  At  the 
meetlngr  of  the  Council  on  April  21. 1897,  President  GiLL  was  requested  to  prepare  an 
address  to  take  the  place  of  the  one  which  would  haye  been  delivered  by  President 
Cope  had  his  life  been  spared.  At  a  meeting  of  the  Council  on  August  18  It  was  voted 
that  Professor  Gill's  name  be  Included  In  the  list  of  Past  Presidents  of  the  Asbo- 
etatlon.—PERMANENT  Secrbtabt. 

*  Milton.  Poems,  zvii. 

•  in  the  extract  from  Milton's  poem,  Hme  has  been  substituted  for  prime  and  our 
for  youn^. 
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had  left  no  peer;  the  greatest  of  the  long  line  of  American  natural- 
ists was  prematurely  snatched  from  science  and  from  friends. 

My  acquaintance  with  Cope  began  in  1859.  While  looking 
through  the  part  of  the  Proceedings  of  the  Academy  of  Natural 
Sciences  of  Philadelpliia  for  the  montli  of  April,  in  which  my  first 
paper  published  by  the  Academy  had  appeared,  I  found  one  by 
E.  D.  Cope  "  On  the  primary  divisions  of  the  Salamandridae."  It 
seems  that  the  papers  by  Cope  and  myself  had  been  passed  on  by 
the  Committee  on  Publications  on  the  very  same  day  (April  26th) 
and  appeared  in  print  in  juxtaposition.  I  had  not  previously  heard 
of  the  new  devotee  of  science  and  read  his  article  with  as  much 
interest  as  my  own.  A  well-equipped  man  had  evidently  come  upon 
the  field  and  this  was  the  first  of  the  numerous  articles  that  were 
destined  to  appear  in  an  uninterrupted  flow  for  nearly  four  decades. 
A  few  months  afterwards  I  met  the  author  in  Philadelphia  at  the 
Academy.  A  young  man,  nineteen  years  old,  about  five  feet  nine 
or  ten  inches  high,  with  head  carried  somewhat  backwards  and  of 
rather  robust  frame,  stood  before  me ;  he  had  an  alert,  energetic 
manner,  a  pronounced,  positive  voice,  and  appeared  to  be  well  able 
to  take  his  part  in  any  trouble.  His  knowledge  was  by  no  means 
confined  to  herpetology,  but  covered  a  wide  range  of  science,  and 
his  preliminary  education  had  been  good.  We  afterwards  met  from 
time  to  time  in  Philadelphia  and  Washington  and  found  we  had 
many  sympathies  in  common  and  some  differences. 

In  one  of  our  first  interviews  we  had  quite  an  argument  on  the 
nature  of  the  family  group  in  zoology,  resulting  from  criticisms  I 
made  on  the  extended  scope  he  had  given  to  that  category  in  the 
classification  of  the  Salamanders.  Another  controversy,  I  remem- 
ber, had  reference  to  the  vertebral  theory  of  the  skull.  In  an  article 
on  the  venomous  serpents,  published  in  the  Proceedings  of  the 
Academy  for  1859,  he  had  defined  the  group  in  terms  involving  the 
adoption  of  that  theory,  and  I  ventured  to  dissent  from  its  reality. 
I  had  myself  been  much  impressed  with  it  in  former  days  and,  when 
sixteen  years  old,  had  copied  in  colors  an  illustration  of  Owen's 
so-called  archetype  reproduced  in  Carpenter's  Physiology.  Subse- 
quently, however,  the  fact  that  there  was  only  an  approximation 
to  the  realization  of  it  in  the  most  specialized  of  fishes  and  not  at 
all  among  the  lower  or  higher  vertebrates,  with  other  considerations, 
turned  me  from  it,  and  I  gave  my  reasons  for  dissent  to  Cope. 
Ultimately  he  admitted  the  force  of  the  argument  and  also  aban- 
doned the  theory  at  one  time  so  popular  in  England  and  America. 
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Oar  acquaintance,  thus  begun  in  1859,  continued  uninterruptedly 
till  death  divided  us.  We  rarely  met,  indeed,  that  we  did  not  ex- 
press difference  of  opinion  respecting  some  subject,  but  the  differ- 
ence was  never  of  a  serious  nature  and  generall}'  little  more  than 
sufficient  to  enliven  intercourse. 

II.i 

The  future  naturalist  was  born  in  Philadelphia  on  the  28th  of 
July,  1840,  and  the  name  Edward  Drinker  was  given  to  him.  He 
was  the  descendant  of  a  prosperous  line  long  established  in  Penu- 
sylvania.  His  father,  Alfred,  was  a  man  of  cultivated  literary 
taste  and  did  much  to  train  his  son's  mind  in  early  youth.  He  had 
retired  from  active  business  and  lived  in  luxurious  ease  near  Ger- 
mantown,^  a  suburb  of  Philadelphia.  There  he  had  formed  an  ar- 
boretum containing  most  of  the  American  trees  which  would  thrive 
in  the  climate  of  that  region.  Amidst  such  surroundings  the  youth- 
ful Cope  grew  up. 

An  active  and  intelligent  interest  in  Nature  became  manifest  at 
a  very  early  age.  When  only  about  seven  years  old,  during  a  sea 
voyage  to  Boston  with  his  father,  the  boy  is  said  to  have  kept  a 
journal  which  he  filled  with  drawings  of  ^^  jelly  fish,  grampuses  and 
other  natural  objects  seen  by  the  way."  When  eight  and  a  half 
years  old  he  made  his  first  visit  to  the  Museum  of  the  Academy  of 
Natural  Sciences  of  his  native  city;  this  visit  was  on  the  ^^21st 
day  of  the  10th  Month,  1848,"  as  entered  in  his  journal.  He 
brought  away  careful  drawings,  measurements  and  descriptions  of 
several  large  birds,  as  well  as  of  the  skeleton  of  an  Ichthyosaurus. 
His  drawing  of  the  fossil  reptile  bears  the  explanatory  legend  in 
Quaker  style :  ''  two  of  the  sclerotic  plates  look  at  the  eye  —  thee 
will  see  these  in  it." 

At  the  age  of  ten  he  was  taken  upon  a  voyage  to  the  West  In- 
dies.^  What  were  the  impressions  he  derived  from  that  voyage 
we  have  not  been  told.     But  what  has  been  communicated  amply 

I  I  am  Indebted  to  a  brother-in-law  of  Professor  Cope,  Mr.  Philip  C.  Gnrrett,  for 
fuller  information  and  rectiilcatlonB  of  statements  made  In  the  original  address  which 
I  have  utilized  In  this  edition  in  the  form  of  notes. 

*  According  to  Mr.  Garrett,  in  strict  accoracy  his  father  either  had  not  retired  from 
active  business  or  had  never  been  in  it,  having  been  and  remainttig  what  Is  called  an 
active  partner  of  H.  ft  A.  Cope,  though  it  must  be  admitted,  a  rather  inactive  one  at 
all  times  through  very  poor  health.  The  home  in  which  Edward  was  reared  from 
early  boyhood  was  not  in  Germantown  but  about  a  mile  east  of  It  on  the  York  road. 

s  Osbom  in  Science,  N.  S.,  v,  706. 
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justified  Professor  Osborn  in  his  declaration  that  **  the  principal 
impression  he  gave  in  boyhood  was  of  incessant  activity  in  mind 
and  body,  reaching  in  every  direction  for  knowledge,  and  of  great 
independence  in  character  and  action."  His  school  education  was 
mostly  carried  on  in  >the  Westtown  Academy,^  a  Quaker  institu- 
tion about  twenty-three  miles  west  of  Philadelphia.  One  of  his  in- 
structors was  Dr.  Joseph  Thomas,  a  well-known  literary  worker  of 
Philadelphia  and  future  author  of  a  '^  Universal  Pronouncing  Dic- 
tionary of  Biography  and  Mythology"  (1870),  and  said  to  have 
been  an  ^^  excellent  linguist."  Under  his  guidance  Cope  obtained  a 
passing  knowledge  of  Latin  and  Greek.  He  appears  to  have  had  na 
instruction  in  any  biological  science  and  had  no  regular  collegiate 
training.  He  did,  however,  enjoy  the  advantage  of  ''  a  year's  study 
(1858-9)  of  anatomy  and  clinical  instruction  at  the  University  of 
Pennsylvania,"  in  which  the  illustrious  Leidy  was  professor  of  anat- 
omy. But,  in  the  words  of  his  literary  executor  (Professor  H.  F» 
Osborn),  '•  it  is  evident  that  he  owed  far  more  to  paternal  guid- 
ance in  tlie  direct  study  of  nature  and  to  his  own  impulses  as  a 
young  investigator  than  to  the  five  or  six  years  of  formal  educa- 
tion which  he  received  at  school."  He  was  especially  fond  of  map 
drawing  and  of  geographical  studies. 

While  a  school  boy,  he  relieved  his  studies  of  the  classics  and 
the  regular  course  in  which  boys  of  his  own  age  were  drilled,  by 
excursions  into  the  fields  and  woods.  Reptile  life  especially  inter- 
ested him,  and  he  sought  salamanders,  snakes  and  tortoises  under 
rocks,  stones,  fallen  trees  and  layers  of  leaves,  as  well  as  in  the 
ponds  and  streams  of  his  vicinage.  The  trophies  of  his  excursionfr 
were  identified  from  descriptions  in  the  works  in  which  they  were 
treated,  as  well  as  by  comparison  with  identified  specimens  in  the 
museum  of  the  Academy.  He  early,  and  almost  without  guidance, 
learned  to  use  the  library  and  collection  of  the  Academy,  although 
he  did  not  become  a  member  until  he  came  of  age  in  1861. 

Cope's  first  contribution  to  the  Proceedings  of  the  Academy  ap- 
peared in  the  part  covering  April  and  was,  "  On  the  Primary  Divis- 
ions of  the  Salamandridse,  with  descriptions  of  the  New  Species."* 
In  this  maiden  paper  he  instituted  important  modifications  of  the 

1  Mr.  Garrett  informs  me  that  Cope's  "  edacation  appears  to  have  been  received  at 
home  until  1861;  then  for  two  years  at  the  Friends'  Select  School  In  Philadelphia; 
from  1858  to  1866  at  West  Town  and  from  1856  to  1869  by  private  tuition  and  then  again 
Ht  the  Select  School  in  Philadelphia." 

«  Proc.  Acad.  Kat.  Scl.  Phila..  1869,  pp.  122-128. 
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systems  previously  adopted  in  the  United  States.  He  soon  after- 
wards catalogued  the  serpents  preserved  in  the  museum  of  the 
Academy  of  Natural  Sciences  and  likewise  improved  upon  the  sys- 
tems previously  in  vogue.  He  continued  with  various  papers,  de- 
scribing new  species  and  giving  synopses  or  brief  monographs  of 
sundry  genera  of  lizards  and  anurous  amphibians. 

For  ^we  years  liis  publication  was  confined  almost  exclusively  to 
the  reptiles  and  amphibians.  (The  continuity  was  only  interrupted 
once  in  1862,  when  he  described  a  new  shrew  caught  by  himself  in 
New  Hampshire.)  1  Not  until  1864  did  he  begin  to  extend  his  field. 
In  that  year  he  described  various  fishes  and  a  supposed  new  whale, 
and  gave  his  first  contribution  to  paleontology  in  the  description 
of  the  stegosaurian  amphibian  called  Amphibamtut  graiidiceps. 
But  although  his  attention  had  become  thus  divided,  he  never  lost 
his  interest  in  herpetology  and  continued  to  the  end  of  his  life  to 
devote  much  attention  to  that  department.  His  studies  extended 
to  every  branch  of  the  subject,  covering  not  only  specific  details 
and  general  taxonomy,  but  also  the  consideration  of  anatomical 
details,  the  modifications  of  different  organs,  geographical  distri- 
bution, chronological  sequence,  genetic  relations  and  physiological 
consequences.  So  numerous  were  his  memoirs,  so  entirely  did  he 
cover  the  field  of  herpetology,  and  so  marked  an  impression  did 
he  make  on  the  science,  that  he  was  well  entitled  to  apply  to  him- 
self the  boast  of  the  Vergilian  hero,   Pars  magna  fui. 

In  his  earliest  essays  he  manifested  the  independence  and  criti- 
cal spirit  wiiich  were  so  characteristic  of  him  later.  One  knowing 
all  the  circumstances  of  the  case  may  be  amused  in  coming  across 
a  passage  expressed  in  the  tones  of  a  veteran,  published  by  him 
when  twenty  years  old :  "  In  proposing  the  name  Zaocys  .  .  . 
we  are  giving  expression  to  an  opinion  long  held  by  us  as  to  the  un- 
natural association  of  species  in  the  so-called  genus  Coryphodon 
.  .  .  In  it  we  find  cylindrical  terrestrial  species  united  with  com- 
pressed subarboricole  species,  upon  a  peculiarity  whose  value  as  an 
mdex  of  nature  appears  to  us  entirely  imaginary.  The  veiy  nature 
of  the  coryphodontf'an  type  of  dentition,  as  distinguished  from 
the  isodontian  and  syncranterian^  would  lead  us  to  infer  its  incon- 

*  Au  unentitled  communloatlon  upon  certain  cyprinold  HhIi  In  Pennsylvania  wan 
published  in  the  Proceedings  of  the  Academy  of  Natural  Sciences  early  In  1862  (Proc. 
IflSl,  p.  082-024) :  It  \»  not  Included  In  the  list  of  Cope'8  papcrn  In  the  cntalojrue  by  the 
Royal  Society. 
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stancy ;"  and  so  on.^  Bold  as  was  the  criticism  of  such  herpetol- 
ogists  as  Dum6ril,  Bibron  and  Giinther,  it  was  justified  by  the 
facts,  and  the  young  author's  conclusions  have  received  the  endorse- 
ment of  the  best  succeeding  herpetologists,  including  even  the 
latest  author  criticised. 

In  1863  he  paid  a  visit  to  Europe,  partly  for  the  benefit  of  hi& 
health  which  had  suffered  from  overwork,  and  partly  for  the  pur- 
pose of  seeing  the  great  museums  of  England,  France,  Holland, 
Austria  and  Prussia.  Notwithstanding  his  ailments,  he  made  good 
use  of  his  time  abroad  and  systematically  examined  the  collections 
of  reptiles  in  the  chief  centers  of  science.  He  did  not  even  re- 
strict his  studies  to  herpetology,  but  extended  them  to  various  other 
subjects. 

On  his  return  from  Europe,  in  1864,  he  was  appointed  professor 
of  natural  science  in  Haverford  College,  an  institution  chiefly  sup- 
ported by  Quakers,  but  retained  the  position  only  three  years. 
During  this  time,  in  1865,  he  married  Miss  Annie,  daughter  of  Mr. 
Andrew  Pim,  of  Chester  county,  Pa. 

In  and  after  1864,  too,  he  enlarged  the  range  of  his  studies  and 
publications  and  also  extended  them  to  ichthyology,  mammalogy 
and  paleontology.  He  had  always  been  interested  in  the  philosoph- 
ical aspects  of  science  and  early  adopted  the  conception  of  descent 
with  modifications  to  account  for  the  variations  of  animals  and  the 
differentiation  into  species  and  higher  groups  and,  in  1869,  began  to 
give  expression  to  his  peculiar  views. 

On  the  death  of  his  father^  he  became  heir  to  a  considerable  for- 
tune. Part  of  this  was  invested  in  mines  which,  for  a  short  time, 
gave  promise  of  good  returns;  but,  it  is  said,  the  majority  of  the 
stock  was  held  by  others  and,  owing  to  the  incapacity  of  superin- 
tendents and  the  operations  of  the  controlling  stockholders,  he  lost 
his  interests.  While  in  the  enjoyment  of  his  fortune  he  spent 
large  amounts  in  collections  and  personally  conducted  or  sent  out 
expeditions  to  various  places.  One  of  the  most  important  was  sent 
to  South  America.  He  filled  a  large  house  from  cellar  to  topmost 
story  with  his  collections  and  resided  in  an  adjoining  one. 

In  1871  he  conducted  an  expedition  to  Kansas  and  especially 
investigated  the  Cretaceous  beds  of  that  State  and  collected  their 
fossils.     In  1872  and  1873  he  became  connected  with  the  U.  S. 

1  Prw.  Acad.  Nat.  Scl.  Phila.,  1860,  p.  563. 
a  Cope's  father  died  Dec.  4, 1876. 
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Geological  Survey  and  for  the  fossils  visited  Wyoming  in  the  for- 
mer year  and  Colorado  in  the  latter.  In  1874  he  joined  the  sur- 
vey under  the  command  of  Lieutenant  Wheeler,  of  the  Engineers, 
and  explored  New  Mexico. 

The  collections  made  during  these  expeditions  were  large  and 
the  unwearied  industry  and  energy,  as  well  as  cares,  of  Cope  were 
rewarded  with  many  well-preserved  fossils.  These  were  described 
in  many  communications  to  the  Academy  of  Natural  Sciences  and 
the  American  Philosophical  Society  and,  later,  in  large  volumes 
published  by  the  general  government  as  reports  of  the  respective 
surveys  with  which  he  was  connected. 

The  various  investigations  thus  opened  were  continued  through 
the  succeeding  years.  His  collections  continued  to  grow  in  spite 
of  reduced  means.  He  refused  even  to  sell  portions  for  which  he 
was  offered  liberal  sums  and,  at  the  cost  of  personal  discomfort, 
hel<l  on  to  them  and  made  his  home  for  much  of  the  time,  in  the 
midst  of  them,  having  sold  his  residential  house  but  kept  his  mu- 
seum. 

In  1878  he  pur.chased  the  rights  of  the  proprietors  of  the  Ameri- 
can Naturalist  and  removed  it  to  Philadelphia.  Professor  Packard, 
one  of  the  original  proprietors,  cooperated  with  him  in  the  editing 
of  it  for  some  years,  and  he  was  aUo  assisted  by  various  eminent 
specialists.  In  this  journal  numerous  articles  of  all  kinds,  includ- 
ing reviews  and  editorial  comments,  were  published  by  him.  His 
last  words  appeared  in  numbers  issued  after  his  death,  the  leading 
article  in  the  number  for  June  having  been  written  shortly  before 
his  death ;  it  treats  of  the  remarkable  mammals  of  South  America, 
known  as  Toxodontia. 

In  1886  he  received  an  appointment  to  a  chair  in  the  University 
of  Pennsylvania  and  became  professor  of  geology  and  paleontol- 
ogy. Such  a  man  naturally  awakened  the  interest  of  apt  pupils, 
and  he  was  a  facile  and  entertaining  lecturer.  From  the  stores  of 
a  rich  memory  he  could  improvise  a  discourse  on  almost  any  topic 
within  the  range  of  his  varied  studies.  His  views  were  so  much 
in  advance  of  those  in  any  text-book  that,  for  his  own  convenience, 
no  less  than  for  the  benefit  of  his  pupils,  he  felt  compelled  to  pre- 
pare a  "  Syllabus  of  lectures  on  geology  and  paleontology,"  but 
only  "  Part  III,  Paleontology  of  the  Vertebrata,"  was  published.  It 
appeared  in  1891  and  is  still  a  valuable  epitome  of  the  classification 
of  the  vertebrates,  recent  as  well  as  fossil,  giving  in  dichotomous 


S  ADDRESS    BY 

tables  the  essential  characters  of  all  the  groups  above  families  and 
also  the  names  of  all  the  families.  His  own  industry  and  investi- 
gations did  much  to  render  this  antiquated  in  even  six  years  and  a 
new  edition  or  work  became  necessary.  *'  Upon  the  Tuesday  pre- 
ceding his  death  he  sent  to  the  press  an  elaborate  outline  of  his 
University  lectures  containing  his  latest  ideas  of  the  classification 
of  the  Vertebrata."! 

The  enormous  mass  of  publications  constantly  flowing  from  his 
own  pen  might  lead  one  unacquainted  with  the  author  to  suppose 
that  he  was  probably  a  recluse,  but  there  were  few  men  of  his  in- 
tellectuality who  were  less  disposed  to  seclude  themselves.  He 
enjoyed  and  gave  enjoyment  to  intellectual  company  and  was  a 
brilliant  conversationalist.  He  was  especially  fond  of  academical 
meetings  and  was  an  unusually  frequent  attendant  at  the  meetings 
of  the  American  Association  as  well  as  of  the  National  Academy 
of  Science.  His  election  to  the  Presidency  of  the  American  Asso- 
ciation was  highly  esteemed  by  him  and  doubtless  his  address  would 
have  been  a  notable  one. 

In  February  (1897),  Cope's  health  became  seriously  aflPected  by 
nephritic  disorder,  which,  it  is  said,  *'  might  possibly  have  been 
remedied  by  a  surgical  operation,"  but  to  this  he  would  not  submit.^ 
Notwithstanding  failing  health,  he  continued  active  almost  to  the 
last.  Finally,  the  insidious  disease  invaded  his  entire  system  and 
he  died  on  the  12th  of  April,  in  the  room  he  had  long  used  as  a 
study,  surrounded  by  the  objects  of  his  life-long  attentions. 

Such  were  the  chief  episodes  of  Cope's  individual  life  -,  the  facts 
known  are  few  and  the  record  belongs  rather  to  his  family  than 
to  us.  But  Cope's  real  life  was  in  his  work  and  to  the  considera- 
tion of  that  work  we  may  now  proceed.  Let  us  adopt  the  order 
in  which  he  took  up  the  subjects  of  his  investigations  and  succes- 
sively look  into  his  contributions  to  herpetology  (III),  ichthyology 
(IV),  mammalogy  (V)  and  paleontology  (VI) ;  we  may  then  ex- 
amine his  philosophical  views  and  especially  those  relating  to  evo- 
lution (VII)  ;  finally,  we  may  attempt  to  forecast  the  position  he 
is  destined  to  enjoy  in  the  history  of  science  (VIII).  To  know 
him  as  he  was  we  must  recognize  his  weakness   as  well  as  his 

*  Osborn  In  Science,  May  7,  p.  706. 

•  According  to  Mr.  Garrett,  "  as  regards  the  dUorder  of  which  he  died  It  was  cystic, 
not  nethrltlc,  the  postmortem  showing  little  disease  of  the  kidneys.  The  surgiciil 
operation  he  intended  to  undergo,  but  becjirae  too  111  before  It  was  accompllBhed." 
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strength.     He  himself  has  wished  this  and  has  asked  in  the  spirit 
of  the  Moor : 

Speak  of  me  as  I  am ;  nothing  extenuate, 
Nor  set  down  anght  in  malice. 

III. 

The  extent  of  Cope's  contributions  to  herpetology  has  been  re- 
ferred to.  Herpetology  was  his  first  love  and  continued  to  be  the 
favorite  branch  of  science  to  his  life's  end.  His  impress  on  it  was, 
in  some  respects  at  least,  greater  than  on  any  other  of  the  sciences 
he  cultivated,  and  doubtless  the  systems  he  introduced,  with  some 
modifications,  will  be  the  most  lasting.  He  found  herpetology 
an  art ;  he  left  it  a  science :  he  found  it  a  device  mainly  for  the 
naming  of  specimens ;  he  left  it  the  expression  of  the  coordination 
of  all  structural  features.  The  reformations  he  effected  in  the 
classification  of  the  anurous  amphibians  and  the  saurian  reptiles 
were  especially  notable. 

The  anurans  had  been  chiefly  differentiated  in  groups  on  account 
of  the  most  superficial  characters.  Such  were  the  modes  of  fixa- 
tion of  the  tongue  or  its  absence,  the  development  of  disk  like 
expansions  of  the  tips  of  the  toes  or  simply  attenuated  toes,  and 
the  presence  or  absence  of  teeth  in  a  jaw.  Cope  proceeded  to  in- 
vestigate the  group  in  an  anatomical  manner  and  reached  entirely 
new  conclusions.  He  found  that  important  differences  existed  in 
the  structure  of  the  sternum,  and  especially  in  the  connection  of 
the  lateral  halves.  In  the  common  toads  and  tree  toads  of  Europe 
and  North  America,  the  so-called  clavicle  and  coracoid  of  each  side 
are  "  connected  by  a  longitudinal  arched  cartilage  which  overlaps 
that  of  the  opposite  side ;"  while,  in  the  common  frogs,  the  clavicles 
and  coracoids  of  both  sides  are  connected  by  a  single  median  car- 
tilage. The  former  type  is  now  known  as  the  arciferous  and  the 
latter  as  the  firmisternal.  Although  Cope  was  the  first  to  appre- 
ciate the  significance  of  those  characters,  he  did  not  at  once  fully 
realize  their  moi*phological  value,  the  name  Arcifera  having  been 
originally  applied  by  him  only  to  types  of  that  group  having  teeth. 
Ultimately  he  did  so,  and  his  views  have  stood  the  test  of  time 
and  the  latest  critical  investigations.  He  also  found  that  the  char- 
acters so  revealed  served  to  fix  the  places  in  the  system  of  the 
groups  in  question.  In  their  early  stages  the  Firmisternials  (or 
frogs  and  their  relations)  have  the  shoulder-girdle  movable,  and 
thus  resemble  the  Arcifers  (toads,  etc.),  which  have  the  opposite 
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halves  movable  during  their  whole  lifetime ;  thus  it  became  evident 
that  the  latter  are  the  lowest  or  most  generalized  forms,  and  the 
former  more  advanced  and  higher  in  the  system.  The  develop- 
ment of  teeth,  which  had  been  supposed  by  the  earlier  systematists 
to  be  of  paramount  value,  and  which  Cope,  following  in  their  foot- 
steps, had  also  originally  unduly  valued,  has  been  found  to  be  of 
quite  subordinate  importance. 

The  lizards  were  also  in  former  times  distributed  into  families 
and  other  groups  on  account  of  variations  in  superficial  or  external 
characters,  such  as  the  form  of  the  tongue,  the  arrangement  of  the 
scales  and  the  development  of  legs  and  feet.  Cope  dissected  ex- 
amples of  all  the  types  he  could  obtain  and  found  that  such  super- 
ficial characters  were  often  misleading,  and  he  proceeded  to  arrange 
them  with  reference  to  the  preponderance  of  all  characters.  The 
structure  of  the  cranium  especially  was  analyzed,  and  the  variations 
and  concordances  in  the  development  of  various  bones  were  tabu- 
lated. These  characters  were  supplemented  by  others  derived  from 
the  vertebrae,  the  shoulder  girdle,  the  teeth,  the  tongue  and  the 
pholidosis.  Familiarity  with  his  subject  enabled  him  almost  in- 
stinctively to  assess  the  relative  values  of  the  different  characters, 
and  he  obtained  fitting  equations  which  resulted  in  a  system  which 
has  received  the  approbation  of  the  most  competent  judges  to  the 
present  time. 

The  extent  of  Cope's  influence  on  herpetology  may  be  to  some 
extent  inferred  from  the  catalogues  of  the  richest  collection  of  rep- 
tiles and  amphibians  in  existence  —  the  British  Museum's.  De- 
scriptive catalogues  of  both  the  Anurans  and  Saurians  have  been 
published  at  different  times.  In  the  early  catalogues  are  adopted 
the  views  current  at  the  dates  of  publication —  1845  for  the  liz- 
ards; 1858  for  the  batrachians.  New  editions  were  published 
many  years  later  and  the  systems  of  Cope  were  adopted  with  slight 
modifications.  In  his  catalogue  of  the  BcUrdchia  salientia  Mr. 
Boulenger,  the  author,  remarked  that  it  appeared  ''  undeniable  that 
the  principles  of  classification  laid  down  by  Mr.  Cope  are  more  in 
accordance  with  the  natural  affinities  of  the  genera  of  tailless  Ba- 
trachians than  those  employed  by  other  authors;  this  is  amply 
proved  by  all  we  know  of  their  geographical  distribution,  devel- 
opment and  physiology." 

In    an   article'    published    in  advance  of   his  catalogue  of   the 

1  Synopsis  of  the  fanilllet>  of  exiPtlng  Lacertilla.    Ann.  and  Mag.  Nat.  Hist.  (5)^ 
Xl\%  117. 
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lizards,  Boulenger  states  that  the  old  classifications  are,  ^^  on  the 
whole,  as  unnatural  as  can  be  "  and  that,  '^  like  Cope,  whose  lizard 
families  I  regard  as  the  most  natural  hitherto  proposed,  I  shall  lay 
greater  stress  on  osteological  characters  and  on  the  slructuie  of 
the  tongue." 

It  was  a  long  time,  however,  before  Copers  views  became  popu- 
lar. £ven  anatomists  of  repute  refused  to  follow  him.  One^  of 
them,  for  example,  admitted  that  ^^  skeletal  charactera  are,  indeed, 
most  valuable  ones  in  leading  us  to  detect  the  deepest  and  truest 
afiSnities  of  vertebrate  animals,  but  [he  urged]  these  affinities  once 
found,  it  is  very  desirable  that  zoological  classification  should  not, 
if  it  can  possibly  be  avoided,  repose  upon  them  only,  but  rather  on 
more  external  and  more  readily  ascertainable  characters.''  He, 
therefore,  ventured  *'  to  propose  a  classification  derived  from  that 
of  Dr.  Giinther." 

Cope  replied*  by  a  fierce  review  of  the  work  of  Dr.  Giinther,  and 
concluded  with  the  utterance  that  such  views  ^^  will  only  interfere 
with  the  progress  of  knowledge  if  sincerely  held  and  believed." 

But  such  views  were  evidently  sincerely  believed  and  they  did 
retard  the  progress  of  science.  An  eminent  Russian  herpetologist 
objected  to  the  use  of  anatomical  characters.  He  especially  pro- 
tested against  those  employed  by  Boulenger  after  Cope  to  the 
grouping  of  the  lizards,  and  Mr.  Boulenger  considered  it  incumbent 
on  himself  to  defend  the  practice  of  using  such  characters  \^  he  aptly 
replied  that  the  use  of  ^^  purely  external  characters  .  .  .  does 
not  meet  the  requirements  of  modern  science,"  and  that  classifica- 
tions are  not  made  simply  '^  for  the  convenience  of  beginners." 

At  last,  however,  the  principles  of  classillcation  adopted  by  C<^P® 
have  become  generally  accepted,  and  doubtless  this  was  in  no  small 
degree  hastened  by  their  application  to  all  the  amphibians  and  rep- 
tiles by  Boulenger. 

Cope's  attention  to  the  extinct  reptiles  was  excited  by  the  exam- 
ination and  consideration  of  a  Carboniferous  lizard-like  amphibian 
which  he  was  requested  in  1865  to  report  upon.  It  was  a  new  spe- 
cies which  he  named  Amphibamus  grandiceps  and  considered  to 
be  the  type  of  a  new  order  to  which  the  name  Xenorachia  was  ap- 
plied, but  which  he  subsequently  referred  lo  the  new  comprehen- 
sive order  Stegocephali. 

«  Mlvart  In  Proc.  Zool.  Soc.,  London,  1869,  p.  281. 

>  Cope  in  Am.  Journ.  8ci.  (3),  i,  p.  203. 

•'  Boulenger  in  Ann.  and  Mag.  Nat.  Hist,  (5),  xix,  ;J85. 
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He  sought  for  specimens  of  the  extinct  species  with  as  much 
enthusiasm  as  he  had  for  the  recent.  Extinct  and  living  he  con- 
sidered together  and  light  was  mutually  reflected  from  the  two  to 
guide  him  in  the  perfection  of  the  entire  system.  In  1869  he  gave 
expression  to  the  results  of  his  studies  in  a  well  illustrated  "Synop- 
sis of  the  Extinct  Batrachia,  Reptilia  and  Aves  of  North  America." 
This  was  supplemented  in  1874  by  addenda  and  a  ''  Catalogue  of 
the  air-breathing  Vertebrata  from  the  coal  measures  of  Ohio." 

A  rich  field  was  opened  to  him  in  1877,  when  he  received  the  first 
instalment  of  reptilian  remains  from  Texas,  which  were  at  first  con- 
-sidered  to  be  of  Triassic  age,  but  subsequently  determined  to  be 
Permian.  Successive  instalments  of  amphibian  as  well  as  reptilian 
skeletons  enriched  his  collection,  and  his  investigations  revealed  a 
new  and  wonderful  fauna  rich  in  species  and  often  differing  widely 
from  any  previously  known.  These  were  described  in  many  arti- 
-cles.  The  results  for  the  amphibians  were  summarized  in  1884  in  a 
memoir  on  the  ''Batrachia  of  the  Permian  period  of  North  America." 

The  Permian  amphibians  were  found  to  vary  much  in  the  com- 
position of  their  backbones.  Instead  of  having  single  centra  ar- 
ranged in  a  continuous  row  as  in  existing  vertebrates,  they  had 
•distinct  bones  on  which  were  devolved  portions  of  the  functions 
fulfilled  by  the  centra  of  higher  vertebrates.  Some  had  "  the  ver- 
tebral bodies  represented  by  three  segments  each,  a  basal  intercen- 
trum  and  two  lateral  pleurocentra ;"  these  were  named  *'Ganoceph- 
ali  "  and  *'  Rhachitomi."  Some  '*  differ  remarkably  from  all  other 
Vertebrata  in  having  between  the  centra  another  set  of  vertebral 
bodies,  so  that  each  arch  has  two  corresponding  bodies;"  these 
were  called  '*  Embolomeri." 

In  tracing  the  development  of  these  bones.  Cope  came  to  the 
conclusion  that  they  were  only  partially  represented  in  higher  or 
more  specialized  types;  they  did  not  become  consolidated,  but 
one  or  the  other  became  reduced  and  finally  lost  or  at  least  greatly 
atrophied.  In  the  living  amphibians  the  vertebral  centra  are  ho- 
mologous only  with  the  intercentra,  while,  on  the  contrary,  the 
centra  of  the  reptiles,  birds  and  mammals  are  represented  by  the 
pleurocentra  of  the  Rhachitomes. 

The  studies  of  Cope  on  those  classes  which  had  earliest  attracted 
his  attention  were  more  nearly  completed  than  for  any  others. 
Many  years  ago  he  had  contemplated  the  publication  of  monographs 
of  the  amphibians  and  reptiles  of  North  America  and  happil}'  he 
had  at  last  finished  his  work. 
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In  1889  bis  monograph  of  the  *'  Batrachia  of  North  America  *^ 
was  given  to  the  world  as  a  Bulletin  of  the  United  States  National 
Maseam  (No.  34).  It  forms  a  goodly  volume  of  525  pages  illus- 
trated by  SV  plates  and  120  figures  inserted  in  the  text.  No  large 
country  has  a  more  elaborate  and  scientific  exposition  of  the  class 
than  is  given  in  this  volume.  A  synopsis  is  furnished  of  all  the 
families  and  genera  wherever  found,  and  detailed  descriptions  ar& 
supplied  for  all  the  groups  and  species  represented  in  the  zoologi- 
cal realm  of  North  America ;  31  genera  and  107  species  are  recog- 
nized, and  of  these  Cope  had  first  made  known  about  a  quarter,  7 
of  the  genera  and  27  of  the  species  having  been  described  by  him- 
self. 

Shortly  before  his  death,  and  during  his  last  visit  to  Washington, 
he  delivered  to  the  National  Museum  the  report  on  all  the  reptiles 
of  North  America  which  he  had  been  long  preparing.  This  was 
prepared  on  the  model  of  his  *'  Batrachia  of  North  America,"  but 
will,  of  course,  be  a  much  larger  work,  inasmuch  as  there  are  nearly 
three  times  as  many  reptiles  as  batraohians.^  His  last  elaborate 
memoirs  dealt  with  special  anatomical  features  of  the  seipents  and 
lizards,  which  he  examined  with  the  view  of  perfecting  the  system 
of  those  groups. 

IV. 

In  1864^  Cope  became  especially  interested  in  the  fresh-water 
fishes  of  the  United  States  and  then,  as  well  as  in  succeeding  years, 
published  enumerations  and  descriptions  of  many  species.  His  first 
papers  in  1864  and  1865  were  ''On  a  blind  Silurid  from  Pennsyl- 
vania" and  a  "  Partial  catalogue  of  the  cold-blooded  Vertebrata  of 
Michigan;"  in  1868  he  published  ''On  the  distribution  of  fresh- 
water fishes  in  the  Allegheny  region  of  southwestern  Virginia,"  and 
in  1869  appeared  a  "  Synopsis  of  the  Cyprinidse  of  Pennsylvania." 
In  addition  to  these,  various  minor  papers  were  published  and  in 
some  of  them  marine  forms  were  considered. 

When  in  Europe  he  had  purchased  a  large  collection  of  skele- 
tons of  fishes  from  all  parts  of  the  world  prepared  by  Professor 
Joseph  Hyrtl,  of  Vienna,  one  of  the  most  skillful  practical  anato- 

1  The  last  plate  U  numbered  86,  but  five  were  cancelled,  80,  81,  8S,  84  and  8B. 

*  Cope's  monograph  of  the  reptiles  will  not  Include  the  tortoises,  those  haying 
lieen  left  to  Dr.  G.  Baur  to  monograph. 

»  A  short  unentitled  communication  (before  alluded  to)  was  published  as  early  as- 
1863. 
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mists  of  the  clay.  He  had  a  number  of  other  skeletons  made  to 
represent  missing  types.  With  these  as  a  basis  he  proceeded  to 
recast  the  classification  of  fishes.  The  first  contribution  to  the 
subject  was  embodied  in  an  introductory  chapter  of  his  *' Contribu- 
tion to  the  Ichthyology  of  the  Lesser  Antilles,"  published  early  in 
1871. 

The  same  chapter,  with  the  same  title,  ^^  Observations  on  the 
Systematic  Relations  of  Fishes/'  but  with  some  modifications  and 
additions,  was  later  published  in  the  Proceedings  of  the  American 
Association  for  the  Advancement  of  Science  for  1871.  This  was 
a  notable  paper  and  replete  with  original  observations  of  value. 
It  was  not,  however,  up  to  the  standard  of  his  work  on  amphibians 
and  reptiles.  The  subject,  indeed,  was  too  vast  and  only  a  super- 
ficial examination  was  made  of  special  parts.  It  was  not  a  classi- 
fication based  on  the  examination  of  the  entire  structure,  but  rather 
an  exposition  of  the  development  of  a  few  particular  characters, 
which  more  experience  subsequently  convinced  him  were  of  less 
value  than  he  had  supposed.  Nevertheless,  in  some  respects  the 
proposed  classification  was  much  in  advance  of  those  previously 
adopted,  and  useful  hints  were  given  for  the  further  improvement 
of  the  system. 

Later  Cope  followed  up  this  attempt  at  the  reformation  of  the 
ichthyological  system  with  several  others  especially  treating  of  ex- 
tinct types.  One  of  them,  '^  On  the  classification  of  extinct  fishes 
of  the  lower  types,"  was  published  in  the  Proceedings  of  the  Amer- 
ican Association  for  1877.  The  results  of  his  studies  were  sum- 
marized, in  1889,  in  '*  A  synopsis  of  the  families  of  Vertebrata," 
and  two  years  afterwards  (1891)  with  modifications,  in  an  article 
**  On  the  non-actinopterygian  Teleostomi."  These  results  were  very 
valuable  and  attention  was  for  the  first  time  directed  to  the  impor- 
tance and  morphological  significance  of  the  skeletal  fin  structures 
of  the  ancient  fishes  long  confounded  under  the  name  of  Ganoids. 
Instead  of  this  single  order  (or  sub-class)  of  the  old  systematists, 
he  named  four  superorders  of  the  Teleostomi  or  "true  fishes,"  and 
recognized  seven  orders,  including  the  old  ganoids  after  eliminat- 
ing the  Lepidosteids  and  Amiids,  which  were  referred  to  the  Acti- 
nopterygians.  Only  two  of  the  seven  orders  are  represented  by 
existing  forms  —  one  {Cladistia)  by  the  bichirs  of  Africa  and  the 
other  (Chondrostei)  by  the  sturgeons. 

His  work  on  the  extinct  fishes  was  incomparably  better  than  any 
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that  had  been  done  oefore  in  the  United  States.  He  far  surpassed 
ail  his  predecessors,  not  onlj  by  his  knowledge  of  morphological 
details  manifest  in  the  extinct  as  well  as  in  living  forms,  but  by 
his  keen  philosophical  instinct  and  taxonomic  tact.  But  this  philo- 
sophical instinct  was  sometimes  at  fault,  and  occasionally  he  in- 
dulged in  the  wildest  speculations,  for  which  he  has,  not  unjustly, 
been  taken  to  task.  Yet  even  his  blunders  were  the  result  of  the 
facility  of  his  mind  in  seizing  and  adapting  the  latest  utterances  of 
science.  One  notorious  case  may  be  given.  The  great  Russian 
embryologist  Kowalevsky  published  a  memoir  sustaining  the  thesis 
that  the  Tunicates  were  members  of  the  vertebrate  phylum  and 
that  the  lai*val  stage  of  most  of  the  species  had  the  homological 
equivalent  of  the  backbone  of  the  true  vertebrates.  Cope  foresaw 
the  morphological  consequences  of  this  view  and  sought  the  verte- 
brates nearest  the  Tunicates.  He  settled  upon  some  strange  forms 
of  the  Silurian  and  Devonian  times  known  as  Pteraspids  and  Ceph- 
alaspids.  They  were  the  earliest  known  of  vertebrates  and  there- 
fore likely  to  be  the  most  primitive  in  structure.  Most  of  them 
had  a  shell-like  encasement,  composed  of  bone-like  plates.  He 
happened  to  find  illustrations  of  the  living  Ohelyosoma,  a  true  Tun- 
icate having  a  system  of  plate-like  indurations  of  the  integument, 
somewhat  similar  in  appearance  to  those  of  some  of  the  ancient 
fishes.  It  was  assumed  that  this  mere  superficial  similarity  indi- 
cated genetic  relationship.  To  those  acquainted  with  the  structure 
of  Chelyosoma  this  approximation  seemed  strange  indeed  ;  its  anat- 
omy was  known  and  the  form  is  simply  a  well  marked  relation  of 
the  typical  ascidiids,  but  highly  specialized  by  development 

of  integumentary  plate- like  horny  indurations.  Histologically  and 
otherwise  they  were  very  different  from  the  plates  of  the  extinct 
armored  vertebrates.  Cope's  guess  was  simply  the  result  of  the 
tendency  to  jump  at  conclusions  which  he  was  constantly  obliged 
to  curb,  and  unfortunately  he  rushed  into  print  before  he  had  time 
to  think.  He  soon  reconsidered  the  case  with  calmer  mind,  and 
abandoned  his  hypothesis.  Few  men  were  ever  more  willing  to 
reconsider  evidence  and  retrace  false  steps  than  was  he. 

In  spite  of  errors  of  detail  and  somewhat  hasty  generalization, 
the  ichthyological  labors  of  Cope  were  unusually  valuable  contribu- 
tions to  science,  and  the  progress  of  ichthyology  has  been  much 
accelerated,  not  only  by  these  labors,  but  by  the  investigations 
they  challenged. 
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Cope's  attention  was  early  drawn  to  the  mammals.  His  first 
published  article  (1863)  was  a  description  of  a  supposed  new  shrew 
found  in  New  Hampshire,  and  in  1865  he  described  various  ceta- 
ceans. In  1868  he  began  the  collection  and  investigation  of  the 
fossil  mammals  of  the  western  territory,  and  thenceforward  de- 
voted the  larger  share  of  his  attention  to  the  description  and  res- 
toration of  the  numerous  new  species  which  he  from  time  to  time 
brought  to  light.  The  previous  investigators  of  the  extinct  mam- 
mals of  America  had  almost  exclusively  confined  themselves  to  de- 
scriptions and  illustrations  of  the  crania  and  dentition,  but  a  new 
era  was  introduced  when  Marsh  and  Cope  sent  out  exploring  ex- 
peditions or  themselves  collected.  No  parts  of  skeleton  were  neg- 
lected ;  all  were  collected.  Gradually  the  numerous  bones  from 
different  parts  of  the  skeleton  were  identified,  and  finally  many  of 
the  beasts  of  old  were  resuirected  into  skeletons  almost  as  com- 
plete as  those  just  divested  of  muscles. 

The  discoveries  resulting  from  such  thorough  work  quite  modified 
or  even  overturned  old  conceptions.  It  became  evident  that  there- 
was  a  great  contrast  between  the  development  of  the  mammals  and 
that  of  invertebrates,  and  even,  though  in  a  less  degree,  of  fishes. 
It  appeared  that  there  was  a  much  more  rapid  process  of  evolu- 
tion for  the  mammals  than  for  the  lower  classes.  All  the  mammals 
of  the  oldest  of  the  Tertiary  periods  were  strange  and  very  unlike 
those  of  recent  times,  and  no  descendants  of  even  the  same  fami- 
lies lived  to  be  the  contemporaries  of  civilized  man.  The  views  of 
the  founder  of  vertebrate  paleontology  were  also  to  a  considerable 
extent  subverted.  Cuvier  taught  that  there  was  always  a  coordi- 
nation between  the  various  systems  of  the  animal  frame  and  that,, 
from  the  remains  or  impress  of  one  part,  the  approximate  structure 
of  the  other  parts  could  be  infen-ed.  He  even  pushed  this  doctrine 
to  such  an  extreme  that  he  overlooked  some  obvious  counter-facts. 
One  such  case  is  so  remarkable  because  it  originated  with  Cuvier 
and  was  endorsed  by  Huxley^  that  it  is  worthy  of  mention  here, 
and  Huxle/s  introduction  to  it  and  translation  of  it  may  be  given. 
Huxley  himself  protests  against  the  too  literal  application  of  Cu- 
vier*s  law  and  recalls  Cuvier's  own  reserve : 

>  Huxley,  '*  Introduction  to  the  Classification  of  Animals,"  1869,  In   first  chapter 
"On  Classification  In  General." 
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"  Covier,  the  more  servile  of  whose  imitators  are  fond  of  citing  his  mis- 
taken doctrines  as  to  the  nature  of  the  methods  of  paleontology  against 
the  conclusions  of  logic  and  of  common  sense,  has  put  this  so  strongly 
that  I  cannot  refrain  from  quoting  his  words  :* 

**  But  I  donbt  if  any  one  would  have  divined,  if  untaught  by  observa- 
tion, that  all  ruminants  have  the  foot  cleft,  and  that  they  alone  have  it. 
I  doubt  if  any  one  would  have  divined  that  there  are  frontal  horns  only 
in  this  class ;  that  those  among  them  which  have  sharp  canines  for  the 
most  part  lack  horns. 

''However,  since  these  relations  are  constant,  they  must  have  some  suf- 
ficient cause;  but,  since  we  are  Ignorant  of  it,  we  must  make  good  the  de- 
fect of  the  theory  by  means  of  observation.  It  enables  us  to  establish 
empirical  laws,  which  become  almost  as  certain  as  rational  laws,  when 
they  rest  on  suflSciently  repeated  observations ;  so  that  now,  whoso  sees 
merely  the  print  of  a  cleft  foot  may  conclude  that  the  animal  which  left 
this  impression  ruminated,  Hud  this  conclusion  is  as  certain  as  any  other 
in  physics  or  morals.  This  footprint  alone,  then,  yields  to  him  who  ob- 
serves it,  the  rorm  of  the  teeth,  the  form  of  the  jaws,  the  form  of  the 
vertebrse,  the  form  of  all  the  bones  of  the  legs,  of  the  thighs,  of  the 
shoulders,  and  of  the  pelvis  of  the  animal  which  has  passed  by.  It  is  a 
surer  mark  than  all  those  of  Zadig." 

The  first  perusal  of  these  remarks  would  occasion  surprise  to 
some  and  immediately  induce  a  second,  more  careful,  reading  to  as- 
certain whether  they  had  not  been  misunderstood.  Some  men,  with 
much  less  knowledge  than  either  Cuvier  or  Huxley,  may  at  once 
recall  living  exceptions  to  the  positive  statements  as  to  the  coordi- 
nation of  the  '*  foot  cleft "  with  the  other  characters  specified.  One 
of  the  most  common  of  domesticated  animals  —  the  hog  —  would 
come  up  before  the  '*  mind's  eye,"  if  not  the  actual  eye  at  the  mo- 
ment, to  refute  any  such  correlation  as  was  claimed.  Nevertheless, 
notwithstanding  the  fierce  controversial  literature  centered  on  Hux- 
ley, no  allusion  appears  to  have  been  made  to  the  lapsus.  Yet 
every  one  will  admit  that  the  hog  has  the  *^  foot  cleft  **  as  much  as 
any  ruminant,  but  the  '*  form  of  the  teeth  "  and  the  form  of  some 
vertebrse  are  quite  different  from  those  of  the  ruminants,  and  of 
course  the  multiple  stomach  and  adaptation  for  rumination  do  not 
exist  in  the  bog.  That  any  one  mammalogist  should  make  such  a 
slip  is  not  very  surprising,  but  that  a  second  equally  learned  should 
follow  in  his  steps  is  a  singular  psychological  curiosity. 

I  need  scarcely  add  that  the  law  of  correlation  applied  by  Cuvier 
to  the  structures  of  ruminants  entirely  fails  in  the  case  of  many 

^  OfiBemens  foBsiles,  ed.  4"^,  tome  1',  p.  184. 
A.  A  .A.  8.  VOL.  XLVI  2 
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extinct  mammals  discovered  since  Cuvier's  days.  Zadig  would  have 
been  completely  nonplussed  if  he  could  have  seen  the  imprint  of  an 
Agriochoerid,  a  Uintatherid  or  a  Menodontid. 

I  have  given  this  quotation  for  two  reasons :  first,  to  indicate 
how  the  increase  of  our  knowledge  has  revolutionized  old  concep- 
tions ;  and,  second,  to  show  how  even  the  ablest  of  men  may  stum- 
ble. 

Cope  has  been  much  criticised  for  the  mistakes  and  false  gener- 
alizations he  made.  Unquestionably  he  did  make  many.  But  error 
seems  to  be  inseparable  from  investigation,  and  if  he  made  more 
than  the  other  great  masters  he  covered  more  ground  and  did  more 
work.  He  was  also,  it  must  be  admitted,  more  hasty  than  some 
others  in  that  he  availed  himself  of  the  more  frequent  means  of 
publication  he  enjoyed. 

The  great  merit  of  Cope's  work  on  mammals  is  that  he  always 
considered  the  old  and  new  —  the  extinct  and  recent  —  forms  to- 
gether. He  refused  to  be  bound  by  consistency  or  by  precedent, 
either  set  by  himself  or  others.  Fresh  discoveries  opened  new  vis- 
tas to  him,  and  he  modified  his  views  fi*om  time  to  time  and  as  often 
as  he  received  new  evidence. 

He  introduced  many  new  families  in  the  system  and  sought  to 
improve  the  system  by  the  comparison  of  all  the  elements  of  the 
skeleton.  He  came  to  the  conclusion  that  the  affinities  of  the  un- 
gulate quadrupeds  were  best  expressed  by  the  manner  of  articulation 
of  the  bones  of  the  carpus  and  tarsus ;  he  associated  those  hav- 
ing the  *'carpal  and  usually  tarsal  bones  in  linear  series  "  in  a  great 
order  which  he  called  Taxeopoda,  and  contrasted  them  with  the 
Proboscidea  and  typical  Ungulata,  which  he  named  anew  Diplar- 
thra.  In  the  Taxeopoda  he  gathered  many  extinct  families  and 
associated  with  them  forms  of  the  existing  fauna  known  as  the  Hy- 
racoidea,  Daubentonioidea,  Quadrumana  and  Anthropomorpha.  I 
cannot  altogether  assent  to  this  collocation  inasmuch  as  I  think  the 
common  characteristics  of  the  three  groups  last  mentioned  —  es- 
pecially the  structure  of  the  brain  and  the  development  of  the  pos- 
terior cornua  of  the  ventricles  as  well  as  calcarine  sulci  —  justify 
the  old  order  Primates.  Nevertheless  an  important  character  was 
first  appreciated  in  the  composition  of  the  podial  bones,  and  fresh 
insight  was  obtained  into  the  relations  of  ancient  types. 

I  can  only  name  a  few  more  of  Cope's  discoveries  in  this  connec- 
tion. One  was  the  generalization  of  "  trituberculy,"  or  the  original 
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development  of  three  tabercles  to  molar  teeth,  and  that  subsequent 
modifications  of  the  corresponding  teeth  were  based  on  this  original 
plan.  Another  was  the  remarkable  Phenacodus  of  the  Eocene, 
which  was  considered  to  be  nearly  in  thie  line  of  descent  for  the 
ungulates  as  well  as  the  series  culminating  in  man  and  which  led 
him  to  the  conception  of  the  taxeopodous  group. 

The  past  history  and  genealogy  of  the  camels  and  their  relations 
were  likewise  elucidated.  In  the  present  epoch  only  two  nearly 
related  types  exist  separated  by  half  the  globe  —  the  true  camels 
of  central  and  northern  Asia  and  the  llamas  of  the  Peruvian  Andes. 
Cope  revealed  numerous  species  from  various  Tertiary  beds  and 
showed  that  the  type  was  originally  richly  developed  in  America.  ^ 

VI. 

Paleontology  from  more  than  one  point  of  view  may  be  divided 
into  Invertebrate  and  Vertebrate.  The  subjects  of  the  former  are 
generally  to  be  found  in  an  approximately  complete  condition  so 
far  as  the  exterior  is  concerned,  and  early  attracted  the  attention 
of  investigators,  often  little  familiar  with  recent  zoology,  and  re- 
ceived names.  The  subjects  of  the  latter  —  especially  the  higher 
types,  as  mammals,  birds  and  reptiles  —  are  rarely  found,  except 
in  a  fragmentary  condition.  Special  knowledge  of  osteology,  even 
to  its  minutest  details,  is  requisite  to  deal  successfully  with  such 
remains.  Consequently  the  fossil  vertebrates  of  the  United  States 
were  neglected  and  left  to  the  few  who  had  cultivated  the  requisite 
knowledge  to  deal  with  them. 

Another  reason  existed  for  the  tardy  attention  to  vertebrate 
paleontology,  which  continued  till  nearly  the  last  quarter  of  our 
present  century  in  the  United  States.  No  deposits  containing  many 
fossil  vertebrate  remains  had  become  known  in  the  East.  Zoolo- 
gists interested  iii  the  past  and  in  the  genealogy  of  existing  forms 
lamented  the  poverty  of  the  United  States,  which  contrasted  with 
the  richness  of  some  parts  of  Europe.  It  was  even  thought  that 
there  was  no  hope  of  finding  here  such  trophies  of  the  past  as  the 
beds  of  the  Paris  Basin  or  those  of  Grecian  Pikermi  had  yielded 
to  European  paleontologists.     But  all  this   was   to  be  changed. 

>  Professor  Osbom,  in  a  recent  letter,  has  justly  remarked  tbat "  in  the  MammaU  I 
hardly  feel  you  do  Cope  sufHcient  justice,  his  work  has  been  so  potent."  The  exigen- 
cies of  time  and  space  alone  prevented  me  from  doing  that  Justice  and  I  may  remedy 
the  defect  later. 
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Rumor  had  long  before  hinted  that  numerous  skeletal  remains  could 
be  found  in  certain  paits  of  the  wild  West,  but  the  information  was 
very  vague.  Enough  was  known,  however,  to  induce  Professor 
Marsh  to  visit  certain  deposits  of  which  he  had  heard.  In  1870  he 
explored  an  Eocene  lake-basin  in  Wyoming,  drained  by  the  Green 
river,  the  main  tributary  of  the  Colorado,  and  therein  found  nu- 
merous bones,  belonging  to  almost  all  parts  of  the  skeleton,  of  some 
remarkable  gigantic  mammals  which  lie  called  Dinocerata.  The 
results  of  this  exploration  interested  Cope  in  the  highest  degree. 
He  visited  the  same  region  in  1872,  and  thenceforth  his  attention 
to  the  vertebrate  paleontolc^y  of  the  Western  States  and  Terri- 
tories was  never  interrupted.  An  intense  rivalry  arose  between 
Professor  Marsh  and  himself  which,  in  time,  it  must  be  confessed 
became  very  bitter.  Nevertheless,  as  in  most  quarrels  respecting 
facts,  investigations  were  provoked  by  mutual  recriminations  which 
resulted  in  a  more  speedy  accumulation  of  data  and  a  more  criti- 
cal examination  of  those  data  than  would  have  been  likely  under 
less  perturbed  conditions.  Most  of  those  data  relate  to  morpho- 
logical and  anatomical  considerations,  and  therefore  belong  rather 
to  mammalogy  and  herpetology  than  to  geology. 

The  relations  of  the  ancient  forms  to  each  other  in  point  of 
time ;  to  those  of  other  lands,  and  to  those  whose  remains  were 
embedded  in  other  rocks,  had  necessarUy  to  be  investigated.  The 
earliest  conclusions  of  Cope  were  brought  together  and  published 
in  1879  in  a  memoir  on  *^The  Relations  of  the  Horizons  of  Extinct 
Vertebrata  of  Europe  and  North  America.*  He  attempted  there- 
in to  synchronize,  or,  rather,  homotaxially  correlate  the  various* 
ancient  faunas  of  North  America  and  "West  Europe"  from  the 
''Primordial"  to  the  "Pliocene."  Naturally  the  greater  part  of  the 
memoir  was  devoted  to  the  consideration  of  the  Tertiary  divis- 
ions ;  of  these  he  admitted  for  the  American  faunas  six  primary 
divisions,  and  four  of  these  were  dichotomously  subdivided.  Of 
the  primary  divisions  three  were  referred  to  the  Eocene,  one  (White 
River)  to  the  Oligocene,  one  (Loup  Fork)  to  the  Miocene,  and 
one  to  the  Pliocene.  The  exposition  thus  made  represents  views* 
not  very  different  from  those  now  held,  although,  of  coui-se,  modi- 
fications in  details  have  since  been  necessary. 

The  evolution  of  the  various  animal,  and  especially  mammalian 
types  was  also  continually  the  subject  of  Cope's  researches,  and 

»  Bull.  U.  S.  Survey  Terr.,  v,  88-64. 
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be  attempted  to  trace  the  passage  from  those  of  the  most  ancient 
periods  to  those  of  later  ones.^ 

VII. 

Cope  was  not  satisfied  with  the  study  of  morphological  details 
or  simple  taxonomy.  He  aspired  to  know  how  animals  came  into 
existence ;  why  they  varied  as  they  did,  and  what  laws  deteimined 
their  being.  His  was  an  eminently  philosophical  mind,  but  at  the 
«ame  time  with  a  decided  tendency  to  metaphysical  speculation. 
In  one  of  his  earliest  papers  he  manifested  this  tendency  and  it 
persisted  through  life.  It  is  with  much  hesitation  that  I  venture  to 
give  an  exposition  of  his  most  salient  views,  for  I  must  confess  I 
do  not  altogether  like  his  philosophy  and  am  able  to  subscribe  to 
it  only  in  part.  I  cannot  but  wish  that  one  of  his  numerous  dis- 
ciples could  have  been  chosen  for  this  task.  But  I  must  not  pass 
it  by,  for  it  is  the  most  characteristic  feature  of  Cope's  work  and  the 
one  he  most  esteemed. 

Cope  began  his  public  scientific  career,  it  will  be  remembered,  in 
the  same  year  in  which  Darwin's  long  studies  had  fructified  into 
his  "Origin  of  Species." 

As  was  quite  natural  with  his  keen  instincts,  Cope  early  adopted 
the  doctrine  of  transmutation  of  species  and  recognized  the  truth 
that  all  the  animals  of  the  present  epoch  are  descendants  from  those 
of  past  times  with  modifications  which  separate  them  as  species, 
and  eventually  as  representatives  of  genera,  of  families  and  orders 
differing  from  the  earlier  ones  as  we  retrace  the  steps  of  Time  far- 
ther and  farther  back.  He  was  not,  however,  satisfied  with  Dar- 
win's theory,  and  denied  that  natural  selection  was  a  suflSeient 
factor  for  differentiation.  He  would  not  admit  that  animals  were 
passive  subjects  and  that  the  slight  variations  which  were  mani- 
fest in  tlie  progeny  of  species  were  sufiScient  to  enable  Nature  to 
select  from  and  to  fit  for  future  conditions.  He  contended  that 
the  volition  and  endeavors  of  an  animal  had  much  to  do  with  fu- 
ture progeny  as  well  as  its  own  brief  life.  In  short,  he  claimed 
that  characters  acquired  by  animals  through  their  own  effoii»,  or 

>  I  have  been  reminded  by  Professor  Osborn  of  Cope's  ••  diwovery  of  the  I'uerco 
— Cope*B  greatest  geological  achievement  which  Professor  Marsh  still  falls  to  recog- 
nize; also  the  definition  of  the  John  Day  and  Deep  river  beds."  Professor  Oeborn 
adds  that  **  practically  the  whole  fauna  of  the  Wasatch  Is  also  Cope's."  I  recognized 
these  facts  but,  a«  in  herpetology  and  Ichthyology,  wac  obliged  to  limit  my  address 
and  to  refrain  from  going  Into  detalln. 
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forced  on  them  by  various  external  agencies  or  accidents,  might  be 
transmitted  to  their  offspring.  He  further,  first  in  a  chapter  in 
his  "Synopsis  of  the  Cyprinidse  of  Pennsylvania,"  outlined  and, 
later,  in  "The  Origin  of  Genera,"  be  elaborated,  a  peculiar  theory 
characterized  mainly  by  what  he  called  (with  Professor  Hyatt) 
"the  law  of  acceleration  and  retardation"  in  development.  Darwin 
complained  that  he  could  never  understand  this  law,  and  Cope 
complained  that  Darwin  had  not  stated  his  views  correctly  in  an 
attempted  abstract.  I  therefore  give  Cope's  views,  restated  in  his 
own  language,  summarizing  them  years  aftei  wards.  "The  fol- 
f owing  doctrines,"  he  says,  "were  taught:" 

*'  First,  that  the  development  of  new  characters  has  been  accomplished 
by  an  acceleration  or  retardation  in  the  growth  of  the  parts  changed.  This 
was  demonstrated  by  reference  to  a  class  of  JPacta,  some  of  which  were 
new,  which  gave  ground  for  the  establishment  of  the  new  doctrine. 

Second,  that  of  exact  parallelism  between  the  adult  of  one  individual  or 
set  of  individuals  and  a  transitional  stage  of  one  or  more  other  individuals. 
This  doctrine  is  distinct  from  that  of  exact  parallelism  which  had  already 
been  stated  by  von  Baer.  And  that  this  law  expresses  the  origin  of  gen- 
era and  higher  groups,  because. 

Third,  they  can  only  be  distinguished  by  single  characters  when  all  theif 
representatives  come  to  be  known. 

Fourth,  that  genera  and  various  other  groups  have  descended,  not  from 
a  single  generalized  genus,  etc.,  of  the  same  group,  but  from  correspond- 
ing genera  of  one  or  more  other  groups.  This  was  called  the  doctrine  of 
Tiomologous  groups. 

Fifth,  the  doctrine  that  these  homologous  groups  belong  to  different 
geological  periods,  and. 

Sixth,  to  different  geographical  areas,  which,  therefore,  in  some  in- 
stances, are, 

Seventh,  related  to  each  other  in  a  successional  way  like  the  epochs  of 
geological  time. 

''  Of  these  doctrines  it  may  be  observed  that  the  first  and  second  are 
now  the  common  property  of  evolutionists,  and  are  recognized  everywhere 
as  matter  of  fact.  The  names  which  I  selected  to  express  them  have,  how- 
ever, only  come  into  partial  use.  The  author  believes  that,  although  the 
doctrine  was  vaguely  shadowed  out  in  the  minds  of  students  prior  to  the 
publication  of  this  essay,  it  had  not  previously  been  clearly  expressed,  nor 
been  reduced  to  a  demonstration.  Of  the  truth  of  the  doctrine  the  author 
is  more  than  ever  convinced,  and  he  believes  that  paleontologlcal  discovery 
has  demonstrated  it  in  many  instances,  and  that  other  demonstrations  will 
follow.  The  fourth  proposition  (that  of  homologous  groups)  is  now  held 
as  a  hypothesis  explaining  the  phylogeny  of  various  groups  of  animals. 
For  the  descent  of  one  homologous  group  from  another,  the  term  poly- 
phyletic  has  been  coined.     It  remains  to  be  seen  whether  the  doctrine  is  of 
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aniversal  application  or  not.  That  homologous  groups  belong  to  different 
geological  horizons,  as  stated  under  the  fifth  head,  has  been  frequently 
demonstrated  since  the  publication  of  the  essay.  That  the  sixth  proposi- 
tion is  true  in  a  certain  number  of  cases  is  well  known,  and  it  follows  that 
the  seventh  proposition  is  also  true  in  those  cases.  The  latter  hypothesis, 
which  was  originally  advanced  by  Professor  Agassiz,  is,  however,  only 
partially  true,  and  the  advance  of  paleontological  study  has  not  demon- 
strated that  it  has  had  a  very  wide  application  in  geological  time. 

''  A  proposition  which  was  made  prominent  in  this  essay  was  that  the 
prevalence  of  non-adaptive  characters'in  animals  proves  the  inedequacy  of 
hypotheses  which  ascribe  the  survival  of  types  to  their  superior  adapta- 
tion to  their  environment.  Numerous  facts  of  this  kind  undoubtedly  in- 
dicate little  or  no  activity  of  a  selective  agency  in  nature,  and  do  point  to 
the  existence  of  an  especial  developmental  force  acting  by  a  direct  influence 
on  growth.  The  action  of  this  force  is  the  acceleration  and  retardation 
appealed  to  in  this  paper.  The  force  itself  was  not  distinguished  until 
the  publication  of  the  essay  entitled  'The  Method  of  Creation'  [1871], 
where  it  was  named  growth-force,  or  bathmlsm.  The  energetic  action  of 
this  force  accounts  for  the  ori^n  of  characters,  whether  adaptive  or  non- 
adaptive,  the  former  differing  Arom  the  latter  in  an  intelligent  direction, 
which  adapts  them  to  the  environment.  The  numerous  adaptive  charac- 
ters of  animals  had  by  that  time  engaged  the  attention  of  the  author,  and 
he  found  that  they  are  even  more  numerous  than  the  non-adaptive.  Some 
of  the  latter  were  accounted  for  on  the  theory  of  the  '  complementary 
location  of  growth-force.*" 

We  can  only  consider  the  "  law  of  acceleratioo  and  retardation/' 
Again  it  behooves  us  to  seek  his  own  definition : 

'*  a.  The  succession  of  construction  of  parts  of  a  complex  was  origi- 
nally a  succession  of  identical  repetitions ;  and  grade  influence  merely  de- 
termined the  nnmber  and  location  of  such  repetitions. 

"  b.  Acceleration  signifies  addition  to  the  number  and  location  of  such 
repetitions  during  the  period  preceding  maturity,  as  compared  with  the 
preceding  generation,  and  retardation  signifies  a  reduction  of  the  number 
of  such  repetitions  during  the  same  time."* 

His  meaning  may  best  be  inferred  from  his  application  to  man- 
kind.    This  was  done  in  the  following  terms  in  1872  :^ 

'*  Let  an  application  be  made  to  the  origin  of  the  human  species.  It  is 
scarcely  necessary  to  point  out  at  the  start  the  fact,  universally  admitted 
by  anatomists,  that  man  and  monkeys  belong  to  the  same  order  of  Mam- 
malia, and  differ  in  those  minor  characters,  generally  used  to  define  a 
*  family  *  in  zoology. 

» Proc.  Am.  Phil.  Soc.,  1871 ;    Origin  of  the  Fittest,  p.  18-2. 
«  Pcnn.  Monthly  Mag.  1872;  Origin  of  the  Fittest,  p.  11, 1887. 
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*•  Now,  these  difTerenccs  are  as  follows :  In  man  we  have  the  large  head 
with  prominent  forehead  and  short  jaws ;  short  canine  teeth  without  in- 
terruption behind  (above) ;  short  arms,  and  thumb  of  hand  not  opposable. 
In  monkeys  we  have  the  reverse  of  all  these  characters.  But  what  do  we 
see  in  young  monkeys?  A  head  and  brain  as  large  relatively  as  in  many 
men,  with  jaws  not  more  prominent  than  in  some  races ;  the  arms  not 
longer  than  in  the  long-armed  races  of  men,  that  is,  a  little  beyond  half 
way  along  the  femur.  ...  At  this  age  of  the  individual  the  distinctive 
characters  are  those  of  homo,  with  the  exception  of  the  opposable  thumb 
of  the  hind  foot,  and  the  longer  canine  tooth.     .    .    . 

"  Now  in  the  light  of  various  cases  observed,  where  members  of  the 
same  species  or  brood  are  found  at  adult  age  to  differ  in  the  number  of 
immature  characters  they  possess,  we  may  conclude  that  man  originated 
in  the  following  way :  that  is,  by  a  delay  or  retardation  of  growth  of  the 
body  and  fore  limbs  as  compared  with  the  head ;  retardation  of  the  jaws 
as  compared  with  the  brain  case,  and  retardation  in  the  protrusion  of  the 
canine  teeth." 

There  is  good  reason  for  think  lug  that  fallacy  is  involved  iu  this 
argument  and  that  quite  a  different  interpretation  should  be  put 
on  the  evolution  of  the  charaetera  in  question.  It  is  not  the  fore 
limbs  that  are  retarded  in  man,  but  the  hind  limbs  have  become 
enlarged  (compare  the  adult  and  the  infant) .  There  is  not  retar- 
dation of  the  jaws,  but  a  special  teleological  adaptation.  Man  has 
for  the  most  part  at  least  discontinued  the  use  of  his  teeth  for  war- 
fare, and  as  a  result  of  diminished  use  the  canines  have  been  re- 
duced and  the  diastemata  of  the  dental  series  obliterated.  The 
brain  has  grown  after  birth  and  become  enlarged  and,  as  a  conse- 
quence, the  brain  case  has  extended  forward  —  the  reverse  of  what 
occurs  in  the  apes.  Concomitantly  with  the  diminished  use  of  the 
teeth  and  jaws,  the  masseter  and  temporal  muscles  have  become 
reduced,  and  the  sagittal  and  lambdoidal  ridges  have  consequently 
become  atrophied.  The  ecarinate  rounded  voluminous  calvarium 
is  the  result. 

It  has  been  claimed  that  the  young  of  higher  species  "  are 
constantly  accelerating  their  development."  In  man,  however, 
development  is  retarded,  inasmuch  as  infancy  and  juvenility  are 
prolonged  far  beyond  the  periods  observed  in  our  simian  relatives. 

Such  examples  as  this  give  cause  to  believe  that  the  ^4aw  of 
acceleration  and  retardation"  has  been  at  least  unduly  extended. 
Acceleration  and  retardation  are,  however,  to  a  large  extent,  terms 
which  express  facts  of  evolution ;  whether  the  word  law  is  appli- 
cable may  depend  on  the  meaning  one  gives  the  word. 
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The  transmission  of  acquired  characters  was  one  of  the  accepted 
and  most  cherished  dogmas  of  Cope,  and  the  belief  in  transmissi- 
bility  of  such  characters  is  an  essential  of  the  creed  of  so  many 
iwrho  have  become  his  followers  in  America,  that  a  special  scliool 
came  into  existence  known  as  the  Neo-Lamarckian  and  also  as  the 
American  School.  My  own  prejudices  have  inclined  me  to  that 
.school.  Nevertheless,  when  I  have  divested  myself  of  such  preju- 
dices as  well  as  I  could,  I  have  been  compelled  to  admit  that  the 
evidence  of  the  heredity  of  acquired  characters  was  rather  weak. 
There  was,  indeed,  evidence  for,  as  well  as  against,  but  that  against 
the  doctrine  of  the  transmissibiiity  of  acquired  characters  seems  to 
be  the  more  weighty. 

It  is  to  be  understood  that  the  acquired  characters  considered  in 
this  connection  are  such  as  have  been  developed  during  postnatal 
life  as  a  result  of  endeavors  of  the  animal  or  of  the  -influence  of 
external  agencies.  The  evidence  presented  has  been  mostly  in  sup- 
port of  the  contention  that  the  characters  acquired  have  been  di- 
rectly inherited  by  offspring,  and  consequently  the  transition  from 
the  form  not  possessing  the  character  to  one  having  it  is  rapid. 
The  evidence  adduced  has  not  been  conclusive,  to  say  the  least. 
There  is,  apparently,  a  germ  of  truth  in  the  proposition  that  ac- 
quired characters  are  transmitted,  but  in  a  modified  sense,  and  the 
case  has  been  weakened  rather  than  strengthened  by  the  evidence 
afforded. 

The  evidence  for  inheritance  of  acquired  characters  was  frequent- 
ly given  by  Cope  and  in  his  last  published  work —  ''The  Pi'imary 
Factors  of  Organic  Evolution,"  —  he  marshalled  the  testimonies 
of  many  witnesses  with  his  accustomed  skill.  He  evoked  ' 'evidence 
from  embryology,"  "evidence  from  paleontology,"  "evidence  from 
breeding ;"  he  considered  the  ''characters  due  to  nutrition,"  "char- 
acters due  to  exercise  of  function,"  "characters  due  to  disease," 
^'characters  due  to  mutilation  and  injuries,"  and  "characters  due 
to  regional  influence ;"  he  inquired  into  "the  conditions  of  inheri- 
tance," and  he  fought  against  the  "objections  to  the  doctrine  of 
inheritance  of  acquired  characters."  I  have  gone  over  all  this  evi- 
dence and  yet  I  have  not  been  convinced  that  the  contention  has 
been  sustained  that  characters  acquired  during  the  external  life  of 
an  animal  are  transmitted.  Many  cases  are  alleged  to  sustain  the 
"inheritance  of  characters  due  to  mutilation  and  injuries."  Some 
of  these  may  be  considered  as  mere  coinciiiences ;  others  provoke 


26  ADDRKSS    BY 

skepticism  for  one  reason  or  another.  To  discuss  them  would  be 
out  of  place  here.  But  at  least  we  may  meet  evidence  with  counter- 
evidence. 

On  the  one  hand,  all  the  data  and  experiments  recapitulated  in 
the  cases  enumerated  concern  only  two,  or  at  most  veiy  few,  gen- 
erations of  the  animals  in  question,  and  were  within  ttie  compass 
of  a  single  man's  lifetime. 

On  the  other  hand,  we  have  data  and  observations  of  the  most 
reliable  nature,  and  of  an  extraordinary  compass.  These  have  re- 
sulted not  from  experiments  for  the  determination  of  a  specific 
question,  but  from  observances  of  a  religious  character.  They 
were  really  in  the  nature  of  surgical  operations,  but  for  our  pur- 
pose may  be  looked  upon  as  experiments  and  have  the  value  of 
contrived  experiments.  In  no  other  field  has  such  a  series  of  dis- 
interested eslperiments  been  available.  They  were  conducted  on 
countless  millions  of  mankind  and  for  thousands  of  years.  The 
subjects  experimented  upon  were  kept  isolated  from  others  alike 
by  their  own  prejudices  and  the  prejudices  of  their  neighbors.  Cir- 
cumcision is  the  term  applied  to  the  experiments  in  question. 

For  about  four  thousand  years  circumcision  has  been  practised 
on  a  gigantic  scale.  Every  male  child  among  the  Jews  was  oper- 
ated upon,  not  only  in  Palestine,  but  wherever  representatives  of 
the  race  had  wandered  and  adhered  to  their  religion ;  religion  itself 
was  involved  in  the  operation  and  it  was  regarded  as  a  holy  rite ; 
the  most  scrupulous  attention  was  paid  to  details.  The  operation 
was  performed  eight  days  after  birth,  and  consequently  there  could 
be  no  functional  activity  of  the  tissues  concerned.  But  after  four 
thousand  years  the  new-born  boys  of  the  race  come  into  the  world 
with  the  special  integument  developed  as  much  as  in  those  of  other 
races.  Even  the  principle  of  atrophy  through  disuse  has  not  be- 
come manifest  in  the  case. 

Other  evidence,  it  seems  to  me,  is  the  result  of  confounding  the 
potentiality  of  a  function  with  its  manifestation.  I  allude  to  one 
set  of  examples  on  account  of  the  interest  of  the  cases,  and  I  do 
so  with  the  deference  due  to  the  eminence  and  ability  of  the  gen- 
tleman who  has  furnished  the  e^^dence.  That  evidence  has  been 
collected  under  the  head  of  "inheritance  of  characters  due  to  the 
exercise  of  function.*'  The  evolution  of  the  American  trotting 
horse  was  considered.  It  was  recorded  that  "by  1810  the  taste 
for  trotting  as  a  sport  had     .     .     .     increased  here,  and  in  1818 
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it  became  a  recognized  sport  under  specific  rules."  .  .  .  "At 
the  end  of  1824,  six  years  after  the  first  accepted  three-minute  rec- 
ord, the  record  had  fallen  to  2  :34."  .  .  .  "By  1848  the  record 
was  lowered  to  2 :294^ ;  the  next  decade  lowered  the  record  five  sec- 
onds." Finally,  at  the  close  of  1895,  the  record  had  been  fur- 
ther lowered  to  2 :08|.  .  .  .  It  is  deduced  from  these  premises 
that  "there  is  nothing  whatever  in  the  actual  phenomena  observed 
anywhere  along  the  line  of  this  development  of  speed  that  would 
lead  us  to  suspect  even  that  the  changes  due  to  exercise  of  func- 
tion had  not  been  a  factor  in  the  evolution."  But  to  me  it  seems 
that  there  is  no  evidence  to  show  that  the  speed  attained  was  other 
than  would  have  resulted  from  taking  the  same  animals  untrained 
and  then  speeding  the  last.  The  speed  is,  of  course,  simply  the 
expression  of  functional  adaptation,  and  the  horses  were  selected 
merely  because,  by  their  manifestation,  they  showed  that  they  had 
the  coordination  of  structural  and  psycholc^ieal  characters  needed 
for  the  manifestation  of  the  function.  The  manifestation  guided 
the  breeder  to  the  selection  of  the  animals.  The  successful  ani- 
mals were  the  pick  of  thousands  unknown  to  fame. 

But  there  is  much  in  the  history  of  the  development  of  animals 
that  seems  to  lead  to  the  belief  that  eventually  modifications  may 
be  due  in  part  to  acts  of  representatives  of  the  phylum  to  which 
they  belong.  It  is  difiScult  to  believe  that  some  structural  features 
are  simply  the  result  of  natural  selection  operating  on  chance  vari- 
ations An  application  of  the  doctrine  of  chances  to  some  such 
cases  appears  to  be  adverse  to  the  conception  that  they  represent 
the  influence  of  natural  selection  unaided. 

A  feature  characteristic  of  most  cave  animals  of  widely  diverse 
groups  and  classes  is  the  atrophy  of  the  eyes,  and  it  seems  to  be 
most  lexical  to  attribute  this  to  disuse  of  those  organs  in  remote 
progenitors,  and  to  assume  that  the  atrophy  may  have  resulted  from 
a  failure  of  nourishment  by  the  nutrient  fluid  of  the  organs  on  ac- 
count of  the  loss  of  functional  activity  rather  than  to  selection  by 
nature  of  forms  with  successively  diminishing  eyes.  The  presence 
of  eyes  in  most  cases  certainly  would  scarcely  be  an  element  of  dis- 
advantage to  animals,  and  it  may  be  allowable  to  invoke  some  other 
agency  than  chance  selection.  We  may  be  justified  in  postulating 
that  the  continuous  disuse  of  the  organs  would  in  time  react  on  the 
nutrition  of  the  parts  affected,  and  finally  atrophy  or  disappearance 
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would  result.     Like  explanation  would  be  applicable  to  the  innu- 
merable cases  of  atrophy  of  parts  known  to  the  naturalist. 

But  if  cessation  of  nutrition  culminates  in  final  atrophy,  increased 
nutrition  of  parts  may  result  in  hypertrophy  and  increased  nutri- 
tion may  be  the  concomitant  of  increased  activity  of  parts.  The 
exercise  of  such  parts  continued  for  many  generations  may  react 
on  the  organization  and  the  progeny  at  length  be  affected  thereby. 
Of  such  cases  Cope  adduced  many  examples.  The  feet  of  the 
horse  line  furnish  illustrations.  The  existing  horse  has  the  median 
toes  and  hoofs  greatly  hypertrophied  and  the  lateral  ones  atrophied, 
but  the  remote  ancestors  had  feet  of  nearly  the  same  general  pat- 
tern as  the  rhinoceroses  and  tapirs.  Atrophy  of  the  lateral  digits 
has  progressed  inversely  to  hypertrophy  of  the  middle  ones.  An 
analogous  line  of  development  culminating  in  feet  superficially 
much  like  those  of  the  horse  was  followed  by  another  quite  remote 
family  of  hoofed  mammals,  the  Prototheriids  of  South  America. 

The  idea  of  acceleration  and  retardation  was  associated  by  Cope 
with  the  idea  that  the  course  of  evolution  was  determined  from  the 
beginning  of  things,  and  that  life,  to  use  his  own  words,  is  '•  en- 
ergy directed  by  sensibility  or  by  a  mecJianism  which  lias  origincUed 
under  the  direction  of  sensibility.'*  He  maintained  that  "conscious- 
ness as  well  as  life  preceded  organism,"  and  he  called  this  con- 
ception ^^  the  hypothesis  of  archsesthetism."  This  idea  I  refer  to 
especially  because  it  was  broached  in  his  vice-presidential  address, 
delivered  at  the  meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science  in  Philadelphia  in  1884.^ 

I  am  myself  unable  to  comprehend  consciousness  except  as  a 
product  or  result  of  organization,  and  those  who  wish  to  learn  more 
about  Cope's  views  respecting  the  question  must  refer  to  one  of  his 
many  papers. 

Whatever  may  be  thought  of  Cope's  philosophical  views,  his 
presentation  of  them  is  always  interesting  and  some  of  them  are 
illustrated  with  a  wealth  of  facts  that  renders  his  communications 
valuable  as  repertories  of  well  digested  information.  His  first  special 
paper,  on  '*The  Origin  of  Genera,"  published  as  early  as  1868,  is 
especially  noteworthy  for  the  mass  of  morphological  data  contained 
in  it  and  for  the  apt  manner  in  which  they  are  tabulated. 

1  Origin  of  Fittest,  p.  4W. 
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I  venture  to  conclude  with  reflections  on  the  rank  that  may  be 
assigned  to  Cope  in  the  world  of  science. 

Among  those  that  have  cultivated  the  same  branches  of  science 
that  he  did  —  the  study  of  the  recent  as  well  as  the  extinct  verte- 
brates —  three  naturalists  have  acquired  unusual  celebrity.    Those^ 
are  Cuvier,  Owen  and  Huxley. 

Cuvier  excelled  all  of  his  time  in  the  extent  of  his  knowledge  of 
the  anatomical  structure  of  animals  and  appreciation  of  morpho- 
logical details,  and  flrst  systematically  applied  them  to  and  com- 
bined them  with  tlie  remains  of  extinct  vertebrates,  especially  the- 
mammals  and  reptiles.  He  was  the  real  founder  of  Vertebrate 
Paleontology. 

Owen,  a  disciple  of  Cuvifer,  followed  in  liis  footsteps,  and,  with 
not  unequal  skill  in  reconstruction  and  with  command  of  ampler 
materials,  built  largely  on  the  structure  that  Cuvier  had  begun. 

Huxley  covered  as  wide  a  field  as  Cuvier  and  Owen,  and  likewise 
combined  knowledge  of  the  details  of  structure  of  the  recent  forms 
with  acquaintance  with  the  ancient  ones.  His  actual  investigations 
were,  however,  less  in  amount  than  those  of  either  of  his  predeces- 
sors.   He  excelled  in  logical  and  forcible  presentation  of  facts. 

Cope  covered  a  field  as  extensive  as  any  of  the  three.  His 
knowledge  of  structural  details  of  all  the  classes  of  Vertebrates 
was  probably  more  symmetrical  than  that  of  any  of  those  with 
whom  he  is  compared ;  his  command  of  material  was  greater  than  that 
of  any  of  the  others  ;  his  indu8ti*y  was  equal  to  Owen's  :  in  the  clear- 
ness of  his  conceptions  he  was  equalled  by  Huxley  alone ;  in  the 
skill  with  which  he  weighed  discovered  facts,  in  the  aptness  of  his 
presentation  of  those  facts,  and  in  the  lucid  methods  by  which  the 
labor  of  the  student  was  saved  and  the  conception  of  the  numerous 
propositions  facilitated,  he  was  unequalled.  His  logical  ability  may 
have  been  less  than  that  of  Huxley  and  possibly  of  Cuvier.  He 
has  been  much  blamed  on  account  of  the  constant  changes  of  his^ 
views  and  because  he  was  inconsistent.  Unquestionably  he  did 
change  his  views  very  often.  Doubtless  some  of  those  changes 
were  necessitated  by  too  great  haste  in  formulation  and  too  great 
rashness  in  publication.  The  freedom  to  change  which  he  exercised, 
and  which  was  exercised  too  little  by  at  least  one  of  his  predeces- 
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sors,  was  an  offset  to  his  rashness.  He  exercised  a  proper  scientific 
spirit  in  refusing  to  be  always  consistent  at  the  expense  of  truth. 

His  reputation  at  present  is  much  inferior,  at  least  among  the 
people  at  large,  to  those  of  the  men  with  whom  he  has  been  com- 
pared. Immediate  reputation  depends  on  various  circumstances, 
some  of  which  are  quite  adventitious,  and  it  is  often  long  before 
men  find  their  true  levels.  It  is  scarcely  premature  to  prophesy 
that  Cope's  reputation  will  grow  and  that  in  the  future  history  of 
science  his  place  will  be  at  least  as  large  as  that  of  any  of  his  pred- 
ecessors. 
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ERRATA. 

On  page  34,  4th  line  from  top  of  page,  for  81 1-44  read  81-144. 
On  page  44,  6th  line  from  bottom  of  page,  for  1779  read  1799. 


Tins  paper,  wnicD  aeais  wicn  me  geouiebnc  repicoeuwi.ti\/Ai  \/i  lut- 
aginary  quantities,  which  was  read  and  printed  several  years  be- 
fore the  famoas  essay  of  Argand  and  contains  fully  as  exact  a 
treatment  of  the  subject,  lay  buried  for  nearly  a  century  until  at- 
tention was  again  drawn  to  it  in  1895  by  a  ttiesis  of  S.  D.  Chris- 
tensen  upon  the  development  of  mathematics  in  Denmark  and 
Norway  in  the  eighteenth  century. 

Inasmuch  as  this  memoir  of  Wessel's  is  still  comparatively  un- 
known, I  have  thought  tlmt  it  would  not  be  uninteresting  at  this 
time  to  present  a  sketch  of  the  development  of  the  geometric  treat- 
ment of  the  imaginary,  particularly  in  the  latter  part  of  the  eight- 
eenth century  and  the  first  part  of  the  nineteenth. 

We  find  the  square  root  of  a  negative  quantity  appearing  for  the 
first  time  in  the  Stereometria  of  Heron  of  Alexandria,  100  B.  C. 
After  having  given  a  correct  formula  for  the  determination  of  the 
volume  of  a  frustum  of  a  pyramid  with  square  base  and  applied  it 
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succesBfully  to  the  case  where  the  side  of  the  lower  base  is  10,  of 
the  upper  2,  and  the  edge  9,  the  author  endeavors  to  solve  the 
problem  when  the  side  of  the  lower  base  is  28,  of  the  upper  4,  and 
the  edge  15.  Instead  of  the  square  root  of  81 1-44  required  by  the 
formula,  he  takes  the  square  root  of  144-81  and  calls  it  equal  to  8 
less  ^^yi.e.y  he  replaces  \/  —  1  by  1,  and  fails  to  observe  that  the 
problem  as  stated  is  impossible.  Whether  this  mistake  was  due  to 
Heron  or  to  the  ignorance  of  some  copyist  cannot  be  determined. 

In  the  solution  of  the  problem  to  find  a  right  angled  triangle 
whose  perimeter  is  12  and  area  7,  Diophantus,  in  his  ArUhmeticay 
300  A.  D.,  reaches  the  equation  ii36x^  -^  24  =  172a;  and  says 
that  the  equation  cannot  be  solved  unless  the  square  of  the  half 
coefficient  of  x  diminished  by  the  product  of  24  and  the  coefficient 
of  x'^  is  a  square.  No  notice  is  taken  of  the  fact  that  the  value  of 
X  in  this  equation  actually  involves  the  square  root  of  a  negative 
quantity. 

Bhaskara,  born  1114  A.  D.,  in  his  chapter  Vija  Ganita,  was  able 
to  go  a  step  further.     He  gave  the  rule : 

The  sqaare  of  a  positive  namber  as  also  of  a  negative  number  is  posi- 
tive and  the  sqaare  root  of  a  positive  number  is  two-fold,  positive  and 
negative.  There  is  no  sqaare  root  or  a  negative  number,  for  this  is  not  a 
sqaare. 

The  first  mathematician  who  had  the  courage  actually  to  use  the 
square  root  of  a  negative  number  in  computation  was  Cardano. 
At  an  earlier  period  he  had  declared  such  a  quantity  to  be  wholly 
impossible,  but  in  the  Ars  Magna^  1545,  he  discusses  the  problem 
of  dividing  10  into  two  parts  whose  product  shall  be  40  and  ob- 
tains the  values  5+\/ — 15,  5 — y/ — 15.  These  he  verifies  by 
multiplication.  Such  quantities  he  calls  sophistic,  since  it  is  not 
permissible  to  operate  with  them  as  with  pure  negative  numbers  or 
others,  nor  to  assign  them  a  meaning. 

Bombelli,  in  his  Algebra^  1572,  gives  a  number  of  rules  for  the 
use  of  such  quantities  as  a-|-6\/ —  1,  but  makes  no  endeavor  to 
explain  their  character. 

Girard  knew  that  every  equation  has  as  many  roots  as  its  degree 
indicates  and  consequently  recognized  the  existence  of  imaginary 
roots.  In  his  Invention  nouvelle  en  VcUgebre^  1629,  while  discuss- 
ing the  roots  of  the  equation  x* — 4aj-|-3=0  he  asks  what  purpose 
is  subserved  by  such  roots  as  —  1  -|-\/ —  2  and  —  1  —  \/ —  2  and 
says  that  they  show  the  generality  of  the  law  of  formation  of  the 
coefficients  and  are  useful  of  themselves. 
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Descartes,  in  his  Geomett'ia,  1687,  gives  us  no  new  ideas  upon  the 
subject,  bat  is  the  first  to  apply  the  terms  real  and  imaginary  by 
way  of  contrast  to  the  roots  of  an  equation. 

Waliis,  in  bis  Treatise  of  Algebra^  1685,  leads  the  van  in  his 
endeavor  to  give  a  geometric  interpretation  to  the  square  root  of  a 
negative  number.     In  chapter  LXVf  we  read  : 

These  Imaginary  Quantities  (as  they  are  commonly  called),  arising  from 
the  Supposed  Root  of  a  Negative  Square  (when  they  happen,)  are  reputed 
to  imply  that  the  Case  proposed  Is  Impossible. 

And  so  indeed  it  is,  as  to  the  first  and  strict  notion  of  what  is  pro- 
posed. For  it  is  not  possible  that  any  Number  (Negative  or  Afflrmatlve) 
Multiplied  into  itself  can  produce  (for  instance)  — 4.  Since  that  Like 
Signs  (whether -|- or—)  will  produce  +;  and  therefore  not  —  4. 

But  it  is  also  Impossible  that  any  Quantity  (though  not  a  Supposed 
Square)  can  be  Negative,  Since  that  it  is  not  possible  that  any  Magni- 
tude can  be  Less  than  Nothing  or  any  Number  Fewer  than  None. 

Yet  is  not  that  Supposition  (of  Negative  Quantities,)  either  Unuseful 
or  Absurd;  when  rightly  understood.  And  though,  as  to  the  bare  Alge- 
braick  Notation,  it  import  a  Quantity  less  than  nothing :  Yet,  when  it 
comes  to  a  Physical  Application,  it  denotes  as  Real  a  Quantity  as  if  the 
Sign  were  +  ;  but  to  be  interpreted  in  a  contrary  sense. 

He  illustrates  this  by  distances  measured  forward  and  backward 
upon  a  straight  line  in  the  usual  way,  and  continues : 

Now  what  is  admitted  In  Lines  must,  on  the  same  Reason,  be  allowed 
in  Plains  also. 

Having  thus  justified  the  existence  of  negative  planes,  he  goes  on  : 

But  now  (supposing  this  Negative  Plain,  — 1600  Perches,  to  be  in  the 
form  of  a  Square;)  must  not  thi^  Supposed  Square  l>e  supposed  to  have 
a  Side?     And  if  so,  what  shall  this  Side  be? 

We  cannot  say  it  is  40,  nor  that  it  is  —  40  *  *  

But  thns  rather  that  it  is  ]/— 1600,  or  *  ♦  10^'  — 16,  or  20]/— 4,  or 
40v/^=nT 

Where  \/  implies  a  Mean  Proportional  between  a  Positive  and  a  Nega- 
tive Quantity.  For  like  as  ]/'6c  signifies  a  Mean  Proportional  between 
+  h  and  4" c ;  or  between  —  h  and  =—  c ;  ♦♦So  doth  ]/-^bc  signify  a  Mean 
Proportional  between  +  6  and  — c,  or  between  —  6  and  +c. 

In  chapter  LXVII  Wallis  gives  a  geometric  exemplification  of  a 
mean  proportional,  interpreting  \^bc  as  a  sine  in  a  circle  whose 
diameter  =  &  -f-  c,  and  \/ —  be  as  a  tangent  in  a  circle  whose  diame- 
ter =  — 6  -J-  c.  He  then  finds  the  base  of  a  triangle  when  the  two 
sides  and  the  angle  opposite,  and  hence  the  altitude,  are  given. 
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Assuming  ^P=20,  P5=  16,  and  the  altitude  PC=  12,  by  the 
use  of  the  triangle  BCP^  right-angled  at  (7,  he  obtains  two  real 
values  for  the  base  AB.    Then  taking  ^P=20,  PB=i\2,  and 
the  altitude  PC=z  15,  he  finds  imaginary  values  for  the  base. 
These  he  interprets  by  saying : 

This  Impossibility  in  Algebra  argues  an  Impossibility  of  the  case  pro- 
posed in  Geometry ;  and  that  the  point  B  cannot  be  had  (as  supposed,)  in 
the  Line  AC^  however  produced  (forward  or  backward,;  from  A. 

Yet  are  there  Two  Points  designed  (out  of  that  Line,  but)  in  the  same 
Plain ;  to  either  of  which,  if  we  draw  the  Lines  AB,  BP,  we  have  a  Tri- 
ang;le;  whose  Sides  AP^  PB,  are  such  as  were  required:  And  the  Angle 
PAG,  and  Altitude  PC,  (above  AC,  though  not  above  ABj)  such  as  was 
'roposed : 

In  this  case  he  takes  the  triangle  BCP  to  be  right  angled  at  B. 
Further : 

And  (in  the  Figure,)  though  not  the  Two  Lines  themselves,  AB,  AB, 
(as  In  the  First  case,  where  they  lay  In  the  Line  AG;)  yet  the  Qround- 
Llnes  on  which  they  stand,  A^,  Aft,  are  equal  to  the  Double  of  AG:  That 
Is,  If  to  either  of  those  AB,  we  join  Ba,  equal  to  the  other  of  them,  and 
with  the  same  Declivity;  ACa  (the  distance  of  Aa)  will  be  a  Streight 
Line  equal  to  the  double  of  ^C;  as  is  ACa  in  the  First  case. 

The  greatest  difference  is  this;  that  in  the  first  Case,  the  Points  B,  B, 
lying  In  the  Line  AG.  the  Lines  AB,  AB,  are  the  same  with  their  Ground- 
Lines,  but  not  so  in  this  last  case  where  B.  B  are  so  raised  above  ftft  (the 
respective  Points  in  their  Ground-Lines,  over  which  they  stand),  as  to 
make  the  case  feasible;  (that  Is,  so  much  as  Is  the  versed  Sine  of  CB  to 
the  Diameter  PC:)  But  In  both  ACa  (the  Ground-Line  of  ABa)  is  equal 
to  the  Double  of  AC. 

So  that,  whereas  in  case  of  Negative  Roots,  we  are  to  say,  The  Point 
B  cannot  be  found,  so  as  is  supposed  in  ^(7 Forward,  but  Backward  from 
A  it  may  in  the  same  Line :  We  must  here  say,  in  case  of  a  Negative 
Square,  the  Point  B  cannot  be  found  so  as  was  supposed.  In  the  Line^C; 
but  Above  that  Line  It  may  In  the  same  Plain.  This  I  have  the  more  largely 
Insisted  upon,  because  the  Notion  (I  think)  is  new;  and  this^,  the  plainest 
Declaration  that  at  present  I  can  think  of,  to  explicate  what  we  common- 
ly call  the  Imaginary  Boots  of  Quadratic  Equations.    For  such  are  these. 

From  these  extracts  it  is  evident  that  Wallis  possessed,  at  least 
in  germ,  some  elements  of  the  modern  methods  of  addition  and 
subtraction  of  directed  lines. 

For  the  next  hundred  years  no  advance  of  importance  was 
made.  Euler,  for  example,  makes  large  use  of  the  imaginary,  but 
in  his  Algebra^  1770,  he  observes : 
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All  OTch  espressions  as  |/  — 1,  y  —  2,  etc.,  arc  consequently  impossi- 
ble or  imaginary  numbers,  since  they  represent  roots  of  negative  quan- 
tities :  and  of  such  numbers  we  may  truly  assert  tliat  tliey  are  neither 
nothing,  nor  greater  than  nothing,  nor  less  than  nothing,  which  neces- 
sarily constitutes  them  imaginary  or  impossible. 

On  the  10th  of  March,  1797,  a  surveyor  named  Wessel  pre- 
sented to  the  Royal  Academy  of  Sciences  and  Letters  of  Denmark 
a  memoir  "On  the  Analytic  Representation  of  Direction,"  which 
was  printed  in  1798  and  appeared  in  Vol.  V  of  tiie  Memoirs  of 
the  Academy  in  1799. 

Caspar  Wessel  was  bom  June  8,  1745,  at  Jonsrud,  in  Norway, 
where  his  father  was  a  pastor.  Though  one  of  thirteen  children, 
he  had  a  good  education,  for  in  1 757  he  entered  the  high  school  at 
Christiania  and  in  1763  went  to  Copenhagen  to  pursue  further 
studies.  In  1764  he  was  engaged  by  the  Academy  of  Sciences  as 
an  assistant  in  the  triangulation  and  preparation  of  a  map  of  Den- 
mark. Till  1805  he  remained  in  the  continuous  employ  of  the 
Academy  as  surveyor.  Wessel  was  highly  esteemed  by  his  con- 
temporaries, and  for  some  special  work  done  after  leaving  the 
service  of  the  Academy  he  received  the  Academy's  silver  medal 
and  a  fVill  set  of  its  memoirs.  In  1819,  when  many  of  its  maps 
were  declared  out  of  date,  the  trigonometric  determinations  of 
Wessel  were  made  a  special  exception.  In  1778  he  passed  an  ex- 
amination in  Roman  law.  In  1815  he  was  made  a  Knight  of  the 
Danebrog.     He  died  in  1818. 

While  Wessel  was  always  well  spoken  of  as  a  surveyor,  he  was 
never  mentioned  as  a  mathematician.  Still  the  fact  that  his  paper 
was  the  first  to  be  accepted  by  the  Academy  from  one  not  a  member 
argues  in  his  favor.  This  acceptance  was  due  to  Tetens,  Councillor 
of  State,  to  whom  the  MS.  had  been  shown  and  whose  assistance 
in  improving  it  was  acknowledged.  In  the  History  of  the  Acad- 
emy of  Sciences  of  Denmark,  published  in  1842,  Professor  Jiirgen- 
sen  classes  Wessel  with  others  in  the  statement,  ^  ^  The  treatises 
of  the  other  matliematicians  are  monographs  of  no  considerable 
scientific  value,"  or  "They  are  too  special  to  be  discussed  more  at 
length." 

In  the  Introduction  to  his  memoir  Wessel  says  : 

The  present  essay  has  for  its  object  to  determine  how  to  express  seg- 
ments of  Htraight  lines  when  we  wish  by  means  of  a  unique  equation  be- 
tween a  single  unknown  segment  and  other  given  segments  to  And  an 
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expression  represeDting  at  ODce  the  length  and  direction  of  the  unknown 
segment. 

To  be  able  to  answer  this  question  I  shall  employ  two  considerations 
which  seem  to  me  evident.  In  the  first  place,  the  variation  of  direction 
which  may  t)e  produced,  by  algebraic  operations  ought  also  to  be  repre- 
sented by  their  symbols.  In  the  second  place  we  submit  direction  to  alge- 
bra only  by  making  its  variation  depend  upon  algebraic  operations.  Now 
according  to  the  ordinary  conception  we  can  transform  it  by  these  opera- 
tions only  into  the  opposite  direction,  that  is,  from  positive  into  negative 
and  reciprocally.  It  follows  that  these  two  directions  only  would  be  sus- 
ceptible of  an  analytic  representation  adapted  to  the  usual  conception  and 
that  the  solution  of  the  problem  would  be  impossible  for  other  directions. 
It  is  probably  for  this  reason  that  nobody  has  given  attention  to  this  sul)- 
ject.  Doubtless  nobody  has  felt  at  liberty  to  change  the  definition  of 
these  operations  once  adopted.  To  this  there  is  no  objection  so  long  ns 
the  definition  is  applied  to  ordinary  quantities ;  but  there  are  special  cases 
where  the  peculiar  nature  of  the  quantities  seems  to  invite  us  to  give  par- 
ticular definitions  to  the  operations.  Then  if  we  find  these  definitions  ad- 
vantageous it  seems  to  me  that  we  ought  not  to  reject  them.  For  in 
passing  from  arithmetic  to  geometric  analysis,  that  is  to  say,  from  oper- 
ations relative  to  abstract  numbers  to  operations  upon  segments  of  a 
straight  line,  we  shall  have  to  consider  quantities  which  may  have  to  one 
another  not  only  the  same  relations  as  abstract  numbers,  but  also  a  great 
number  of  new  relations  Let  us  try  then  to  generalize  tlie  signification 
of  our  operations;  let  us  not  restrict  ourselves,  as  has  been  done  hither- 
to, to  the  employment  of  segments  of  a  straight  line  in  the  same  or  oppo- 
site senses,  but  extend  a  little  the  notion  of  the  way  in  which  they  are 
applied  not  only  to  the  same  cases  as  heretofore,  but  to  an  infinite  number 
of  other  cases.  If  at  the  same  time  that  we  take  this  liberty  we  have 
respect  to  the  ordinary  rules  of  operations  we  in  no  way  contravene  the 
ordinary  theory  of  numbers,  but  we  merely  develop  it,  we  accommodate 
ourselves  to  the  nature  of  the  quantities  and  observe  the  general  rule 
which  requires  us  to  render  a  difficult  theory  little  by  little  more  easy  to 
comprehend.  It  is  not  then  absurd  to  demand  that  in  geometry  opera- 
tions be  taken  in  a  broader  sense  than  in  arithmetic.  We  shall  admit 
without  difficulty  that  it  will  be  possible  to  vary  the  direction  of  segments 
in  an  infinite  number  of  ways.  Precisely  by  this^  means  (as  we  shall  show 
later)  we  succeed  not  only  in  avoiding  all  impos8il)le  operations  and  in 
explaining  the  paradox  that  it  is  necessary  sometimes  to  resort  to  the 
impossible  to  obtain  the  possible,  but  we  also  succeed  in  expressing  the 
direction  of  line-segments  situated  in  the  same  plane  quite  as  analytically 
as  their  length,  without  the  memoir  being  embarrassed  by  new  symbols 
or  new  rules.  Now  it  must  be  agreed  that  the  general  demonstration  of 
geometric  theorems  often  becomes  easier  when  we  express  direction  In  an 
analytic  manner  and  submit  it  to  the  rules  of  algebraic  operations  than 
when  we  are  compelled  to  represent  it  by  figures  which  are  applicable  only 
to  particular  cases. 
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For  these  reasons  I  have  proposed  to  myself : 

\°  to  give  the  rules  of  operations  of  this  nature; 

2^  to  show  by  examples  the  application  to  cases  where  the  segments 
are  found  in  the  same  plane ; 

8®  to  determine  by  a  new  method  not  algebraic  the  direction  of  f»eg- 
inents  situated  in  different  planes ; 

4^  to  deduce  tho  gene  ral  solution  of  plane  and  spherical  polygons ; 

6®  to  deduce  in  the  same  way  the  known  formula  of  spherical  trigo- 
nometry. 

This,  in  brief,  is  an  outline  of  the  present  memoir.  I  was  led  to  write 
it  by  my  desire  to  find  a  method  which  would  enable  me  to  avoid  impos- 
sible operations ;  having  discovered  it  I  hare  made  use  of  it  to  convince 
myself  of  the  generality  of  certain  known  formulae. 

How  well  the  author  succeeds  in  carrying  out  his  plan  is  shown 
by  the  memoir  itself.     Wessel  says : 

The  addition  of  two  segments  is  effected  in  the  following  manner :  we 
combine  them  by  drawing  the  one  from  the  point  where  the  other  termi- 
nates i  then  we  join  by  a  new  segment  the  two  ends  of  the  broken  line 
thus  determined. 

He  extends  the  definition  to  more  than  two  segments  and 
affirms : 

In  the  addition  of  segments,  the  order  of  terms  is  arbitrary  and  the 
sum  always  remains  the  same. 

His  definition  of  the  product  of  two  segments  is  especially  note- 
worthy: 

The  product  of  the  two  line-segments  ought  in  every  respect  to  be 
formed  with  one  of  the  factors  in  the  same  way  as  the  other  factor  is 
formed  with  the  positive  or  absolute  segment  taken  equal  to  unity ;  that 
is  to  say : 

1®  The  factors  ought  to  have  such  a  direction  that  they  can  be  placed 
in  the  same  plane  as  the  positive  unit ; 

2°  As  to  length  the  product  should  be  to  one  of  the  factors  as  the  other 
is  to  the  unit ; 

3^  As  to  the  direction  of  the  product,  if  we  draw  from  the  same  ori- 
gin the  positive  unit,  the  factors  and  the  product,  the  latter  ought  to  be 
in  the  plane  of  the  unit  and  the  factors,  and  ought  to  deviate  from  one 
of  the  factors  by  as  many  degrees  and  in  the  same  sense  as  the  other  de- 
viates from  the  unit  so  that  the  angle  of  direction  of  the  product  or  Its 
deviation  with  respect  to  the  positive  unit  Is  equal  to  the  sum  of  the  an- 
gles of  direction  of  the  factors. 

Let  us  designate  by  +  1  the  positive  rectilioear  unit,  by  -|-  e  another 
unit  perpendicular  to  the  first  and  having  the  same  origin;   then  the 
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angle  of  direction  of  +  1  will  be  equal  to  0®,  that  of  —1  to  180^,  that  of 
4-  e  to  90°  and  that  of  —  e  to  —  90°  or  to  270° ;  and  according  to  the  rule 
that  the  angle  of  direction  of  the  product  is  eqnal  to  the  sum  of  the  an- 
gles of  the  factors,  we  shall  have:  (+  1).  (+  1)  =  + 1,  (+  1)  .  (—1)  = 

-1,(-1)   •  (-1)  =  -M.(+1)  -  (-£)  =  -€,  (-1)   .  (+£)=-€,  (-1) 

(-e)=+e,  (+e).(+0  =  -l,(+0  '(-^)-^  +  h  (-e).(-£)  = 
—  1.  Hence  It  follows  that  e  is  equal  to  |/  —  1  and  that  the  deviation  of 
the  product  is  determined  so  that  we  violate  none  of  the  rules  of  opera- 
tion. 

It  is  interesting  to  note  that  while  Wessel  makes  the  addition 
and  multiplication  of  directed  lines  a  matter  of  definition,  Argand, 
in  his  famous  memoir  of  1806,  Essai  sur  une  manih^e  de  r^pre- 
senter  les  quantites  imaginaires  dans  les  constructions  geometiiquesy 
says:  ^'Inasmuch  as  these  principles  depend  upon  inductions 
which  are  not  securely  established,  they  cannot  as  yet  be  consid- 
ered as  other  than  hypotheses  whose  acceptance  or  rejection  should 
depend  upon  either  the  consequences  which  they  entail  or  a  more 
rigorous  logic;"  although  in  his  last  contribution  to  the  Annates  de 
Oergonne  he  grants  thai  this  difficulty  will  vanish  if,  with  M.  Fran- 
Qais,  we  define  what  is  meant  by  a  ratio  of  magnitude  and  position 
between  two  lines. 

After  explaining  that  if  v  represents  any  angle  and  sin  v  a  seg- 
ment equal  in  length  to  the  sine,  positive  wiien  the  measuring  arc 
terminates  in  the  first  semicircumference  and  negative  when  it  ter- 
minates in  the  second,  e  sin  v  will  express  the  sine  of  the  angle  v 
in  direction  and  magnitude,  Wessel  shows  that  any  radius  making 
the  angle  v  with  the  positive  unit  will  equal  cos  v-^-e  sin  v.  In  the 
multiplication  of  two  radii  cos  v-\-  e  sin  v,  cos  u-\-£  sin  u,  he  estab- 
lishes the  distributive  law  by  reference  to  the  formulae, 

sin  (v-f-tt)  =  sin  v  cos  u-{-cos  v  sin  u, 
cos  (v+tt)  =  cos  V  cos  u  —  sin  v  sin  «, 

in  contrast  to  Argand,  who  assumes  the  distributive  law  and  then 
derives  the  trigonometric  formulse. 

A  statement  in  this  connection  is  noteworthy  : 

But  if  we  have  to  multiply  line  segments  which  are  not  both  in  the 
plane  passing  through  the  absolute  unit  we  cannot  apply  the  preceding 
rule.  For  this  reason  I  do  not  consider  the  multipUcation  of  such  seg- 
ments. 
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The  treatment  of  diviBion  follows  in  a  natural  manner,  and  it  is 
proved  that  indirect  quantities  share  with  direct  quantities  the 
property  that  if  the  dividend  is  a  sum  we  obtain  by  dividing  each 
term  of  the  sum  by  the  divisor  several  quotients  whose  sum  is  the 
quotient  sought. 

Then  comes  a  discussion  of  powers  and  roots  establishing  the 

fact  that  {cos  r-f-s  sin  v)"*  has  m  different  values  and  only  m.  In 
the  next  paragraph  Wessel  shows  that  the  m'*  power  of  a  line- 
segment  may  be  put  m  the  form  e  ,  where  e     represents 

the  length  and  mb  the  angle  of  direction,  and  that  thus  we  have  a 
new  method  of  representing  the  direction  of  line-segments  in  the 
same  plane  by  the  aid  of  natural  logarithms.  This  last  is  not 
again  referred  to,  but  it  is  readily  seen  that  Wessel  was  in  posses- 
sion of  all  three  of  the  present  methods  of  representing  the  com- 
plex number, 

a  -|-  6  \^ — 1 ,  r  (cos  ^  4"  \^ — ^  ^^^  *P)  ^"^  ^^     ~  • 

At  the  close  of  this  se(*tion  the  author  remarks  : 

At  another  time,  with  the  permission  of  the  Academy,  I  will  present 
the  complete  proofs  of  these  theorems.  Having  given  an  account  of  the 
way  in  which  we  must,  in  my  judgment,  understand  the  sum,  the  product, 
th#f  quotient  and  power  of  line  segments,  I  shall  restrict  myself  to  a  few 
applications  of  the  method. 

The  first  application  is  to  a  demonstration  of  Cotes's  theorem  in 
which  the  fundamental  theorem  of  algebraic  equations  is  assumed 
as  previously  established.  The  second  is  to  the  resolution  of  plane 
polygons.  In  this  certain  characteristic  notations  occur.  The 
first  side  of  the  quadrilateral  considered  is  taken  equal  to  the  abso- 
lute unit ;  the  sides  in  order  beginning  with  the  first  are  designated 
by  the  even  numbers  II,  IV,  VI,  VIII,  while  I,  III,  V,  VII,  repre- 
sent their  deviations  (in  degrees) ,  each  with  respect  to  the  pre- 
ceding side  prolonged,  regarding  these  deviations  as  positive  or 
negative  according  as  they  have  the  same  sense  as  the  diurnal  mo- 
tion of  the  sun  or  the  opposite;  T,  III',  V,  Vir  denote  the  ex- 
pressions cos  \-\-s  sin  I,  etc.,  while  1—',  III—',  V-',  VII—'  denote 
the  expressions  cos  ( —  1)+?  sin  ( —  I)  or  cos  I  —  s  sin  I,  etc. 

The  author  then  deduces  the  two  formulae, 

ii-f  IV  iiF-f  vi.iir.V'-f-viii  .iir.V'.vir=o, 
II .  iir.v  vii'+ iv.v'.vii  4-vi .  vii-fviii  =  o, 
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and  proves  that  two  eqaations  of  this  form  will  suffice  for  the  sola- 
tion  of  any  polygon  in  which  the  only  unknown  parts  are  three 
angles,  or  two  angles  and  a  side,  or  an  angle  and  two  sides. 

Wessel  next  attacks  the  problem  of  representing  the  direction 
of  any  line  segment  in  space  by  taking  it  as  the  radius,  r,  of  a 
sphere.  Assuming  three  perpendicular  radii  as  axes  and  denoting 
positive  unit  lengths  upon  these,  to  the  left  by  1 ,  forward  by  e  and 
upward  by  ly  respectively,  where  c^  =  —  1 ,  and  t/^  =  —  1 ,  he  con- 
cludes that  a  radius  whose  extremity  has  for  coordinates  x^riy^ez 
will  be  properly  designated  by  a;  +  iy  y  +  c  2.  Defining  the  plane 
of  r  and  er  as  the  horizontal  plane  and  that  of  r  and  ijr  as  the  ver- 
tical plane,  he  examines  the  effect  of  moving  the  extremity  through 
an  arc  of  I  degrees  parallel  to  the  horizontal  plane  and  obtains  for 
a?  +  i?y  -f-  £Z  the  new  value, 

^y  +  (^  +  *^)    {<^^  ^  +  ^  **^  I)  :=  7,y  -{•  X  cos  I  —  z  sin  l-^-ex  sin 

l-{-£Z  cos  I, 

in  which  the  term  r^y  remains  unchanged.  This  operation  he  indi- 
cates by  the  use  of  the  sign  ^^  as  (x  -{-  7,y  -{-  ez)  ^^  {cos  l-{-s  sin  I) 
and  says  that  it  has  only  imperfectly  the  signification  of  a  sign  of 
multiplication,  for  the  operation  leaves  unchanged  that  one  of  the 
segments  occurring  in  the  multiplicand  which  is  outside  of  the 
plane  corresponding  to  the  rotation  indicated  by  the  multiplier. 
He  calls  attention  to  the  fact  that  the  factors  must  be  used  in  order 
from  left  to  right.  Similarly  when  the  extremity  of  the  radius 
moves  through  an  arc  of  II  degrees  parallel  to  the  vertical  plane 
we  have 

(*+  ''/y  H"  ^^)  yi  (<^*  II  +  ^7  ^^^  II)  =  £2  +  a; co«  II  —  y  sin  II  -|- 
r^x  sin  II  -f-  rjy  cos  II. 

It  follows  at  once  that 

(jC'\- Tjy -{- £z)  „  (cosl'\-e  sin  I)  ,,  (cos  lU -{- e  sin  III)= 
(x  +  r,y  +  ez)  „  (COS  (l+UI)+esin  (I  +  III)  ) 
and 

F  +  ''/y+«^)  n  («w  II  +  1?  sin  II)  „  (cos  IV-f-  ^sin  1V)  = 
^x  +  r,y  +  ez)  „  (cos  (II  +  IV) +  17  ^m  (II  +  IV)  ) 

also  that 

X -\- y^y -{•  €Z  z:z  (x -\r  r^y  -\-  ez)  „  (cos  I  -|-  c  «n  I)  ,,  (cos  I  —  e  sin  I) 
=z(x -{- Tjy '\- ez)  ,,  (cos  11 -{-7}  sinU)  ,,  (cos  II — r^  sin  II). 
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Wessel  then  studies  the  effect  of  alternate  horizontal  and  vertical 
rotations.  Representing  the  radius  in  its  first  position  by  s  and  in 
its  final  position  by  Sj  and  denoting  the  arcs  in  order  by  I,  II, 
III,  .  .  .  VI,  he  obtains  the  formula 

^=3„p„ir„iii'„iv'„vs,vi'. 

In  this  connection  he  observes  that  such  factors  as  V  .,  Vr  can 
be  transferred  to  the  first  member  by  using  their  reciprocals  in 
inverse  order,  as 

s  „  VI-'  „  V-'  „  iv-'=  s  „  r  „  ir  „  iir  „ . 

These  results  are  applied  to  the  solution  of  spherical  polygons 
and  the  determination  of  the  properties  of  spherical  triangles.  As 
in  the  case  of  plane  polygons,  I,  II,  III,  etc.,  represent  the  ex- 
terior angles  and  sides  in  order,  the  odd  numbers  the  angles,  and 
the  even  numbers  the  sides.  Supposing  the  angles  and  the  sides 
of  a  polygon  known  except  one  angle  and  two  sides,  or  two  angles 
and  a  side,  or  three  angles,  or  three  sides,  the  unknown  parts  can 
be  determined  by  the  equation 

8  „  I'  „  ir  „  III'  „  IV'  „  v  „  VI'  „ . . .  „  N'=  8, 

where  8  is  indeterminate,  and  may  be  supposed  equal  to  r,  cr,  or  tjv. 
The  effect  of  the  rotations  indicated  by  this  equation  is  to  submit 
the  sphere  alternately  to  rotations  about  the  axis  of  the  horizon 
and  the  axis  of  the  vertical  circle  so  that  each  point  of  the  sphere 
describes  first  a  horizontal  arc  which  measures  the  first  exterior 
angle  of  the  polygon,  then  a  vertical  arc  containing  as  many  de- 
grees as  tiie  first  side  of  the  polygon,  then  a  new  horizontal  arc 
which  measures  the  second  angle,  etc.  The  sphere  finally  returns 
to  its  original  position,  while  each  of  its  points  has  described  as 
many  horizontal  arcs  as  the  polygon  has  angles  and  as  many  verti- 
cal arcs  as  it  has  sides. 

While  Wessel's  results,  as  obtained  by  these  alternate  rotations, 
are  correct  so  far  as  they  go,  he  fails  to  observe  that  a  general 
rotation  must  be  compounded  of  three  rotations  about  the  axes 
e.  7),  e  or  r)y  ey  7j,  Stranger  still  he  makes  no  study  of  rotations 
about  the  real  axis.  Thiele,  in  his  introduction  to  Wessel's  me- 
moir, shows  how  easy  it  would  have  been  to  go  a  few  steps  fur- 
ther and  arrive  at  the  notion  of  quaternions.  But  be  that  as  it 
may,  Wessel  deserves  great  credit  for  having  devised  the  only  sue- 
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cessful  method  of  dealing  with  line-segments  in  space  previous  to 
the  work  of  Hamilton  beginning  in  1843. 

Unmindful  of  Euler's  demonstration  of  the  real  value  of 

Argand  endeavors  to  show  that  such  an  expression  may  be  used 
to  represent  a  directed  line  in  space.  Fran^ais  tiies  to  solve  the 
problem  by  the  use  of  imaginary  angles,  but  frankly  acknowledges 
his  failure.  Servois  sees  with  remarkable  clearness  what  is  needed, 
but  is  unable  to  reach  it.     He  says  : 

The  table  of  double  argament  which  you  (Gergonne)  propose,  as  ap- 
plied to  a  plane  supposed  to  be  so  divided  into  points  or  infinitesimal 
squares  thnt  each  square  corresponds  to  a  number  which  would  be  its 
indexj  would  very  properly  indicate  the  length  and  position  of  the  radii 
vectores  wliich  revolve  about  the  point  or  central  square  corresponding  to 
±0;  and  it  is  quite  remarkable  that  If  we  designated  the  length  of  a 

radius  vector  by  a,  and  the  angle  It  makes  with  the  real  line —  1, 

±0, +1 by  a,  the  rectangular  coordinates  of  its  «x«rctii%rewo<c 

from  the  origin  by  x,  y,  the  real  line  being  the  axis  of  x.  the  point  would 

be  determined  by  x-^y\/  —1 It  Is  clear  that  your  Ingenious 

tabular  arrangement  of  numerical  magnitudes  may  be  regarded  as  a  cen- 
tral slice  {tranche  centrale)  of  a  table  of  triple  argument  representing 
points  and  lines  In  tri-dlmensional  space.  You  will  doubtless  give  to  each 
term  a  trinomial  form ;  but  what  would  be  the  coefficient  of  the  third  term? 
For  my  part  I  cannot  tell.  Analogy  would  seem  to  indicate  that  the  tri- 
nomial should  be  of  the  form  p  cos  a  +  q  co«/?-f-r  cos^y  a,  /9,  and  y  being 
the  angles  made  by  a  right  line  with  three  rectangular  axes  and  that  we 
should  have 

(p  C08a+  q  cos  ff  +  r  cos  y)  {p'  cos  a  -f-  qf  cos  fi  +  r'  cos  y) 
=  cosi^  a  -f-  cof^  iS  +  cos*y  ^  I . 

The  values  of  p,  g,  r,  p',  q\  r'  satisfying  this  condition  would  be  absurd, 
but  would  they  be  Imaglnaries,  reducible  to  the  general  form  A  +  B  |/'— 1? 

As  we  all  know  now,  these  non-reals  which  Servois  could  not 
determine  may  be  identified  with  the  + 1,  -f-J,  -f-  fc,  — t,  — J, —  A:, 
of  Hamilton's  Quaternions. 

In  1779,  in  his  first  published  paper,  Demonstratio  nova  theore- 
matis  omnem  functionem  algebraicam  rationcUem  integram  uniu^  vor 
ridbilis  in  factores  reales  primi  vel  secundi  gradus  resolvi  posse^ 
the  celebrated  Gauss,  then  only  twenty-two  years  of  age,  says : 

By  an  imaginary  quantity  I  always  understand  here  a  quantity  contained 
in  the  form  a+fe  |/  — 1,  so  long  as  b  is  not  zero.  ♦  ♦  ♦  If  imaginary 
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qnantities  are  to  be  retained  in  analysis  (which  for  many  reasons  seems 
better  than  to  abolish  them,  provided  they  are  established  on  a  suffi- 
ciently solid  foundation)  it  is  necessary  that  they  be  considered  as  equally 
possible  with  real  qnantities,  on  which  account  I  should  prefer  to  include 
both  real  and  imaginary  quantities  under  the  common  designation  possible 
quantities,  *  *  *  A  y indication  of  these  (i.  e.,  imaginary  quantities), 
as  well  as  a  more  fruitful  exposition  of  the  whole  matter,  I  reserve  for 
another  occasion. 

This  occasion,  however,  does  not  seem  to  have  come  till  more 
than  thirty  years  later.  In  the  Oattingische  gelehrte  Anzeigen  of 
April  23,  1831,  in  an  acconnt  by  Gauss  of  his  own  paper  Theoria 
residiuyrum  hiquadraticorum^  Cammentatio  secunda^  we  read : 

Our  general  arithmetic,  so  far  surpassing  in  extent  the  geometry  of  the 
ancients,  is  entirely  the  creation  of  modern  times.  Starting  originally 
from  the  notion  of  absolute  integers,  it  has  gradually  enlarged  its  do- 
main. To  integers  have  been  added  fractions,  to  rational  quantities  the 
irrational,  to  positive  the  negative  and  to  the  real  the  imaginary.  This 
advance,  however,  has  always  been  made  at  first  with  timorous  and  hes- 
itating step.  The  early  algebraists  railed  the  negative  roots  of  equations 
false  roots,  and  these  are  indeed  so  when  the  problem  to  which  they  re- 
late has  been  stated  In  such  a  form  that  the  character  of  the  quantity 
sought  allows  of  no  opposite.  But  just  as  In  general  arithmetic  no  one 
would  hesitate  to  admit  fractions,  although  there  are  so  many  countable 
things  where  a  fraction  has  no  meaning,  so  we  ouecht  not  to  deny  to  neg- 
ative numbers  the  rights  accorded  to  positive  simply  because  innumerable 
things  allow  no  opposite.  The  reality  of  negative  numbers  is  sufficiently 
justified  since  in  innumerable  other  cases  they  find  an  adequate  substratum. 
This  has  long  been  admitted,  but  the  imaginary  quantities  —  formerly  and 
occasionally  now,  thouuh  improperly,  called  impossible  —  as  opposed  to 
real  quantities  are  still  rather  tolerated  than  fully  naturalized,  and  appear 
more  like  an  empty  play  upon  symbols  to  which  a  thinkable  substratum  is 
unhesitatingly  denied  by  those  who  would  not  depreciate  the  rich  contribu- 
tion which  this  play  upon  symbols  has  made  to  the  treasure  of  the  rela- 
tions of  real  quantities. 

The  author  has  for  many  years  considered  this  highly  important  part  of 
mathematics  from  a  diiferent  point  of  view,  where  just  as  objective  an 
existence  may  be  assigned  to  imaginary  as  to  negative  quantities,  but 
hitherto  he  has  lacked  opportunity  to  publish  these  views,  though  careful 
readers  may  find  traces  of  them  in  the  memoir  upon  equations  which  ap- 
peared in  1799  and  again  in  the  prize  memoir  upon  the  transformation  of 
surfaces.  In  the  present  paper  the  outlines  are  given  briefly ;  they  con- 
sist of  the  following : 

Positive  and  negative  numbers  can  only  find  an  application  when  the 
thing  counted  has  an  opposite  which  when  conceived  of  as  united  with  it 
has  the  effect  of  destroying  It.     Accurately  speaking,  this  supposition  can 
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only  be  made  where  the  things  enumerated  are  not  substances  (objects 
thinkable  in  themselves),  bat  relations  between  any  two  objects.  It  Is 
postulated  that  these  objects  are  arranged  after  a  definite  fashion  in  a 
series,  e.  g  ,  A,  B,  C,  D,*  *  *  and  that  the  relation  of  Ato  B  can  be  re- 
garded as  eqaal  to  that  of  ^  to  C7,  etc.  The  notion  of  opposition  Involves 
nothing  farther  than  the  interchange  of  the  terms  of  the  relation  so  that 
if  the  relation  of  (or  transition  from)  ^  to  ^  is  considered  as  +  1  the 
relation  of  ^  to  ^  mast  be  represented  by  —  1.  So  far  then  as  such  a 
series  is  unlimited  on  both  sides,  every  real  integer  represents  the  relation 
of  a  term  arbitrarily  taken  as  origin  to  a  definite  term  of  the  series. 

If,  however,  the  objects  are  of  such  a  kind  that  they  cannot  be  arranged 
in  one  series,  even  though  unlimited,  but  only  in  ueries  of  series,  or,  what 
amounts  to  the  same  thing,  they  form  a  manifoldness  of  two  dimensions ; 
if  there  is  the  same  connection  between  the  relations  of  one  series  to 
another,  or  the  transitions  from  one  to  another,  as  in  the  case  of  the  tran- 
sition from  one  term  of  a  series  to  another  term  of  the  same  series,  we 
shall  evidently  need  for  the  measurement  of  the  transition  from  one  term 
of  the  system  to  another,  besides  the  previous  units  +  1  and  —  1,  two 
others  opposite  in  character  +  i  and  —  i.  Obviously  we  must  also  postu- 
late that  the  unit  i  shall  always  mark  the  transition  from  a  given  term  of 
the  one  series  to  a  definite  term  of  the  immediately  adjacent  series.  In 
this  way  the  system  can  be  arranged  in  a  two-fold  manner  in  series  of 
series. 

The  mathematician  leaves  entirely  out  of  consideration  the  nature  of 
the  objects  and  the  content  of  their  relations.  He  has  simply  to  do  with 
the  enumeration  and  comparison  of  the  relations.  So  far  as  he  has  as- 
signed sameness  of  nature  to  the  relations  designated  by  +  1  ftnd  —  1, 
considered  in  themselves,  he  is  warranted  in  extending  such  sameness  to 
all  four  elements  -|-  1,  —  1,  -h  t,  — i. 

These  relations  can  be  made  intuitive  only  by  a  representation  in  space 
and  the  simplest  case,  where  there  is  no  reason  for  arranging  the  objects 
in  any  other  than  quadratic  fashion,  is  that  in  which  an  unlimited  plane 
is  divided  into  squares  by  two  systems  of  parallel  lines  intersecting  at 
right  angles,  and  the  points  of  intersection  are  selected  as  the  symbols. 
Every  such  point  has  four  adjacent  points,  and  if  we  designate  the  rela- 
tion ^  to  a  neighboring  point  by  -|-  1,  the  relation  to  be  denoted  by  —  1  is 
determined  of  itself,  while  we  can  select  which  of  the  two  others  we 
please  for  +  t,  or  can  take  the  point  to  be  denoted  by  +  t  at  pleasure  on 
the  right  or  left.  This  distinction  between  right  or  left  so  soon  as  we 
have  fixed  (at  pleasure)  upon  forwards  and  backwards  in  the  plane,  and 
above  and  below  with  respect  to  the  two  sides  of  the  plane  is  completely 
determined  in  itself y  although  we  can  convey  our  own  intuition  of  this 
difference  to  others  only  by  reference  to  actually  existent  material  things. 
But  when  we  have  decided  upon  the  latter  we  see  that  it  is  still  a  matter 
of  choice  as  to  which  of  the  two  series  intersecting  at  one  point  we  shall 
regard  as  the  principal  series  and  which  direction  in  it  shall  be  considered 
as  having  to  do  with  positive  numbers.     We  see  further  that  if  we  wish 
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to  take  + 1  ^or  the  relation  previously  expressed  by  +  <>  we  mast  neces- 
sarily take  +  i  ^OT  the  relation  previously  expressed  by  —  1.  In  the  lan- 
guage of  mathematicians  this  means  that  +  i  is  a  mean  proportional 
between  +  1  and —  1,  or  corresponds  to  the  symbol  \^  —  1 .  We  say  pur- 
posely not  the  mean  proportional  because  — i  has  just  a^  good  a  right  to 
tliat  designation.  Here  then  the  demonstrabllity  of  an  intuitive  signifi- 
cation of  ]/  — 1  has  been  fully  justified  and  nothing  more  is  necessary  to 
bring  this  quantity  into  the  domain  of  objects  of  arithmetic. 

We  have  thought  to  render  the  friends  of  mathematics  a  service  by  this 
brief  exposition  of  the  principal  elements  of  a  new  theory  of  the  so-called 
imaginary  quantities.  If  people  have  considered  this  subject  from  a  fat^e 
point  of  view  and  thereby  found  a  mysterious  obscurity,  this  is  largely 
due  to  an  unsuitable  nomenclature.  If  + 1  >  —  I*  V^— 1  h&d  not  been  called 
positive,  negative,  imaginary  (or  Impossible)  unity,  but  perhaps  direct, 
inverse,  lateral  unity,  such  obscurity  could  hardly  have  been  suggested. 
The  subject  which,  properly  enough,  in  the  present  treatise  has  been 
touched  upon  only  incidentally,  the  author  has  reserved  for  a  more  elabo- 
rate treatment  in  the  future,  where  also  the  question  will  be  answered  as 
to  why  the  relations  between  things  which  present  a  mnnifoldness  of 
more  than  two  dimensions  cannot  furnish  still  other  classes  of  magni- 
tudes admissible  in  general  arithmetic. 

Snch  was  Gauss's  masterly  presentation  of  the  underlying  prin- 
ciples of  the  treatment  of  the  imaginary.  In  Germany  the  im- 
pulse given  by  his  commanding  influence  is  felt  even  to  the  present 
day. 

Bute's  memoir  Sur  les  Quantites  Imaginaires,  read  before  the 
Royal  Society  of  London  in  1805  and  covering  sixty-five  pages  of 
the  Philosophical  Transactions  of  1806,  is  somewhat  vague  and 
disappointing.     He  describes  \^ —  I  as  follows : 

l/— 1  is  the  sign  of  perpendicularity,  y  ^^l  is  not  the  sign  of  an  arith- 
metical operation,  nor  of  an  arithmetico  geometric  operation,  but  of  an 
operation  purely  geometric.  It  is  a  purely  descriptive  sign  which  indi- 
cates the  direction  of  a  line  without  regard  to  its  length. 

Near  the  close  of  his  paper  he  investigates  what  becomes  of  the 
conic  sections  when  their  coordinates  become  imaginary  and  decides 
that  the  circle  passes  into  an  equilateral  hyperbola  in  the  plane 
perpendicular  to  the  plane  of  the  circle  and  similarly  for  the  other 
oonics. 

A  further  discussion  of  the  justly  celebrated  epoch-making 
memoir  of  Ai^and  and  the  contributions  of  himself,  Fran^ais,  Ger- 
gonne  and  Servois  to  the  AnncUes  de  Gergoniie  from  1813  to  1815 
is  rendered  the  less  necessary  by  reason  of  Houel's  republication 
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of  all  these  papers  in  1874  and  their  translation  into  English  by 
Hardy  in  1881. 

It  is  interesting  to  note  the  early  view  of  imaginaries  entertained 
by  so  distinguished  a  mathematician  as  Cauchy.  In  his  Cours 
(T Analyse,  1821,  we  read: 

In  analysis  we  apply  the  term  symbolic  expression  or  symbol  to  every 
combination  of  algebraic  signs  which  signifies  nothing  by  Itself  or  to 
which  we  attribute  a  valae  difibrent  from  that  which  it  naturally  ought  to 
have.  *  ♦  ♦  *  Among  the  symbolic  expressions  whose  consideration  is  of 
Importance  In  analysis  we  ought  especially  to  distinguish  those  which  are 
called  imaginary.  •  ♦  ♦  *  We  write  the  formula 

C08  (a  -|-  6)-|-l  ^—  1  sin  (a  -{-  6)=(co«  a-fA^—  1  sin  a)  {cos  h+y  —  1  sin  6]. 
The  three  expressions  which  the  preceding  equation  contains  *  *  ♦  ♦  are 
three  symbolic  expressions  which  cannot  be  Interpreted  according  to  gen- 
erally established  conventions  and  represent  nothing  real.  *  ♦  •  ♦  The 
equation  itself,  strlcily  speaking,  Is  Inexact  and  has  no  meaning. 

In  1849,  however,  in  a  paper  Sur  les  quantites  geometriques^  in 
which  he  gives  suitable  credit  to  Argand,  Fran^ais  and  others,  he 
acknowledges : 

Jn  my  Analyse  alghbrique^  published  In  1821«  [was  content  to  show  that 
the  theory  of  Imaginary  expressions  and  equations  could  be  rendered 
rigorous  by  considering  these  expressions  and  equations  symbolic.  But 
after  new  and  mature  reflections  the  better  side  to  take  seems  to  be  to 
abandon  entirely  the  use  of  the  ^Ign  \/  —  1  and  to  replace  the  theory  of 
Imaginary  expressions  by  the  theory  of  quantities  which  [  shall  call  geo- 
metric. 

Having  defined  the  term  geometric  quantity  exactly  as  we  now 
define  the  term  vector  and  shown  when  two  geometric  quantities 
are  equal,  he  continues : 

The  notion  of  geometric  quantity  will  comprehend  as  a  particular  case 
the  notion  of  algebraic  quantity,  positive  or  nejjatlve,  and  a  fortiori  the 
notion  of  arithmetic  quantity.  ♦  *  *  We  must  further  define  the  diflVirent 
functions  of  these  quantities,  especially  their  sums,  their  products  and 
their  Integral  powers  by  choosing  such  definitions  as  agree  with  those  ad- 
mitted when  we  are  dealing  with  algebraic  quantities  alone.  This  condi- 
ti<m  will  be  fulfilled  if  we  adopt  the  conventions  now  to  be  given. 

Then  follow  the  definitions  called  for,  together  with  a  treatment 
of  the  whole  subject  fully  up  to  modern  demands.  Cauchy  ob- 
serves that  a  large  part  of  the  results  of  the  investigations  of 
Argand  and  otiiers  would  seem  to  have  been  discovered  as  early 
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as  1 786  by  Henri  Dominique  Truel,  who  communicated  them  about 
1810  to  Augustin  Normand,  of  Havre. 

In  1828  there  appeared  in  Cambridge,  England,  a  remarkable 
work  by  Rev.  John  Warren,  entitled  A  Treatise  oii  the  Oeometrical 
Representation  of  the  SqvAire  Roots  of  Negative  Quantities^  Though 
this  book  has  latterly  received  scant  credit,  its  merits  were  fully 
recognized  by  De  Morgan  and  acknowledgments  of  indebtedness 
were  frankly  made  by  Hamilton. 

Throughout  Warren's  work  the  term  quantity,  like  Cauchy's 
geometric  quantity,  indicates  a  line  given  in  length  and  direction. 
Some  of  his  definitions  are  as  follows : 

The  sum  of  two  quantities  is  the  diagonal  of  the  parallelogram  whose 
sides  are  the  two  qiiantitie».  Tlie  first  of  four  quantities  is  said  to  have 
to  the  second  the  same  ratio  which  the  third  has  to  the  fourth ;  when  the 
first  has  in  length  to  the  second  the  same  ratio  which  the  third  has  in 
length  to  the  fourth,  according  to  Euclid's  definition ;  and  also  the  angle 
at  which  the  fourth  is  inclined  to  the  third  Is  equal  to  the  angle  at  which 
the  second  is  inclined  to  the  first,  and  is  measured  in  the  same  direction. 
Unity  is  a  positive  quantity  arbitrarily  assumed  from  a  comparison  with 
which  the  values  of  other  quantities  are  determined.  If  there  be  three 
qnantlties  such  that  unity  is  to  the  first  ns  the  second  to  the  third,  the  third 
is  called  the  product^  which  arises  from  the  multiplication  of  (he  second 
by  the  first.  If  there  be  three  quantities  such  that  the  first  is  to  nnity 
as  the  second  is  to  tlie  third,  the  first  quantity  is  called  the  quotient,  which 
arises  from  the  division  of  the  second  by  the  third. 

The  fundamental  laws  of  algebra  as  governing  these  quantities 
are  established  in  their  utmost  generality  with  a  rigor  of  reason- 
ing that  has  probably  not  been  surpassed.  The  author  even  goes 
so  far  as  to  deduce  the  binomial  formula,  to  develop  many  series 
and  to  apply  the  methods  of  the  dififerential  and  integral  calculus 
to  quantities  of  the  class  defined.  In  form  Warren's  work  is  in- 
tensely algebraic  and  fairly  bristles  with  formulae. 

To  sum  up : 

Caspar  Wessel,  in  1797,  published  the  first  clear,  accunite  and 
scientific  treatment  of  directed  lines  in  the  same  plane,  as  repre- 
sented by  quantities  of  the  form  a-|-6|/ —  1,  establishing  the 
laws  governing  their  addition,  subtraction,  multiplication  and  di- 
vision, and  showing  these  quantities  to  be  of  practical  value  in  the 
demonstration  of  theorems  and  solution  of  problems;  he  also 
worked  out  a  partial  theory  of  rotations  in  space,  so  far  as  they 
can  be  decomposed  into  rotations  about  two  axes  at  right  angles. 
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Not  very  much  later,  1799,  Gauss  indicated  that  he  was  in 
possession  of  a  method  of  dealing  with  quantities  of  the  form 
a  -{-b  y  —  1  which  would  consider  them  as  equally  possible  with 
real  quantities,  but  its  fuller  exposition  was  deferred  till  1881. 

Buee's  paper  of  1805  lays  great  emphasis  upon  y  —  1  as  the 
sign  of  perpendicularity,  but  fails  to  give  any  satisfactory  inter- 
pretation of  the  product  of  directed  lines. 

Argand's  famous  memoir  of  1806  is  hardly  in  danger  of  receiv- 
ing too  much  credit.  ThoiigkjailJfiRafter  WesseFs  paper  there 
is  not  the  slightest  prob»^mQtHtA|^MH^iad  any  knowledge  of 
the  Norwegian  surveyfwOffid,  in  fact,  cemn([okhis  theorems  are  es- 
tablished less  rigoroip(tj  thftn  by  Wessel.  %glnd  gave  numerous 
applications  of  his  tleory  T<r  rrigmioliQft},  geometry  and  algebra, 
some  of  which  are  vVry  noteworthy,  especisil^is  demonstrations 
of  Ptolemy's  theorem  rbg^'ctiofl  i^e  iufo^b^  quadrilateral  and  of 
the  fundamental  propositio&'D^  fiio  ^heoiyof  equations. 

The  contributions  of  Fran^ais,  Gergonne  and  Servois,  1813- 
1815,  served  to  doawwy  with  some  of  the  errors  into  which  Ar- 
gand  had  fallen  and  thus  to  trive  a  clearer  insight  into  the  funda- 
mental notions  of  the  subject. 

Though  Warren's  book  of  1828  contains  definitions  differing  but 
little  from  those  of  Wessel  and  Francais  and  a  notation  which 
seems  only  a  modification  of  that  of  Francais,  his  generalized 
treatment  of  directed  lines  in  the  plane  must  be  regarded  as  high- 
ly original. 

Cauchy's  work  lay  in  the  extension  and  development  of  the  la- 
bors of  his  predecessors  rather  than  in  the  introduction  of  new 
icleas. 

Such  were  the  beginnings  of  the  study  of  the  geometric  repre- 
sentation of  the  imaginary  which  has  led  in  modem  times  to  the 
establishment  of  such  great  bodies  of  doctrine  as  the  theory  of 
functions  on  the  one  side  and  quaternions  on  the  other,  with  the 
Ausdehnuiigdlehre  occupying  a  position  between.  Who  can  tell 
what  the  next  century  will  bring  forth? 
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On  the  simple  isomorphisms  ok  a  substitution  group   to  itsblp. 
By  Dr.  G.  A.  Millbr>  Chicago,  111. 

A  orrat  part  of  the  difficulties  connected  with  the  study  of  groups  re- 
sides either  in  the  simple  groups  or  In  the  general  problem  of  i^'Omor- 
phlsms.  To  every  simple  Isomorphism  of  a  group  to  Itself  corresponds 
some  substitution  of  Its  operators.  To  all  such  Isomorphisms  corre- 
sponds a  substitution  group,  which  has.  been  called  the  group  of  isomor- 
phisms of  the  given  group. 

When  a  regular  group  (i2)  of  order  n  Is  transformed  Into  Itself  by  the 
largest  possible  group  (L)  of  Its  own  degree,  the  subgroup  of  L  which 
Includes  all  Its  substitutions  that  do  not  contain  a  given  element  Is  the 
group  of  isomorphisms  of  R.  This  Is  evident  when  we  suppose  that  all 
the  substitutions  of  R  begin  with  the  given  element  and  are  represented 
by  their  second  elements.  Hence  there  are  just  n  substitutions  that  are 
commutative  to  every  substitution  of  12  and  contain  no  element  that  is  not 
found  in  B.  This  Important  theorem  is  due  to  Jordan.  The  preceding 
method  of  proving  it  appears  to  be  simple  and  new. 

Isomorphisms  which  may  be  derived  from  a  given  one  by  means  of  real 
transforming  operators  may  be  said  to  be  transform  with  respect  to  each 
other.  All  simple  isomorphisms  of  R  to  Itself  are  transforms  of  the  iden- 
tical isomorphism.  This  is  also  true  in  regard  to  operation  groups  but 
not  in  regard  to  the  general  substitution  groups.  Isomorphisms  that  do 
not  belong  to  the  same  system  of  transforms  are  said  to  be  distinct*  To 
the  transforms  of  the  identical  Isomorphisms  corresponds  a  subgroup  of 
the  group  of  Isomorphisms.  The  number  of  substitutions  of  this  group 
that  correspond  to  an  isomorphism  which  is  distinct  from  the  identical  is 
a  multiple  of  the  order  of  this  subgroup. 


Continuous    groups   of   spherical  transformations  in  space.    By 
Prof.  H.  B.  Nkwson,  Lawrence,  Kans. 

[Communicated  by  the  Secretary, '^ 

Thb  general  group  is  the  group  of  Lie's  Kugelgiometrle.  In  this  de- 
velopment all  infinity  In  space  Is  regarded  as  a  single  point  as  In  the  com- 
plex plane.     All  planes  are  regarded  as  spheres  through  the  point  at 

(61) 
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infinity.  The  transformations  are  conformal,  preserving  angles.  The 
general  group  is  tenfold.  All  transformations  leaving  a  point  Invariant 
form  a  sevenfold  subgroup.  Whenever  the  point  at  infinity  is  invariant 
the  transformation  is  projective  since  it  transforms  planes  into  planes. 
There  is  a  sixfold  subgroup  which  leaves  a  sphere  invariant.  Also  the 
same  for  a  plane.  This  sixfold  group  is  identical  with  the  sixfold  group 
of  circular  transformations  on  the  Neumann  sphere  or  in  the  complex 
plane,  and  hence  it  is  expressed  by  the  transformations  of  the  complex 
variable. 

[This  paper  will  be  printed  in  the  Bulletin  of  the  American  Mathemati- 
cal Society.] 


ThK  treatment  op  differential  EQUA'nONS  BY  APPROXIMATE  METHODS. 

By  Prof.  W.  F.  Durand,  Ithaca,  N.  Y. 

In  this  paper  methods  are  shown  for  the  approximate  treatment  of  such 
differential  equations  as  do  not  admit  of  solution  by  analytical  processes. 
The  values  at  an  initial  point  are  supposed  to  be  known,  and  from  this 
point  the  values  at  succes.sive  points  are  found  by  a  step  by  step  process. 

Denoting  the  points  by  subscripts  0,  1,  2,  etc.,  und  successive  deriva- 
tives of  y  with  reference  to  x  by  y'  y",  etc.,  we  may,  for  example,  by  the 
simple  trapezoidal  rule,  express  approximately  the  diff'erence  between  y'o 
and  y'l  in  terms  of  y"o  and  y^i,  and  similarly  that  between  y^  and  y, 
in  terms  of  y'o  *nd  y',.  Hence  y\  and  y^  maybe  thus  ultimately  ex- 
pressed in  terms  of  yo«  V'oi  y"o  ^^^^  y"i-  ^^  ^^y  then  substitute  these 
values  in  the  differential  equation,  consider  y^'i  as  the  unknown  quantity, 
and  if  linear,  solve  directly.  The  resulting  value  substituted  back  will 
^ive  values  of  y'l  and  ^i,  and  hence  the  quantities  for  this  point  are  com- 
pletely known.  If  the  equation  is  not  linear  it  may  be  solved  by  tentative 
or  approximate  means,  and  thus  the  values  for  the  point  (1)  found  in  the 
same  general  manner.  The  values  thus  determined  provide  a  new  point 
of  departure  from  which  similarly  the  values  for  the  next  point  are  found, 
and  thus  onward  step  by  step. 

By  the  use  of  other  and  more  accurate  rules  for  approximate  integra- 
tion, we  may  involve  three  or  more  ordinates  and  thus  step  from  (0)  and 
(1)  to  (2),  and  ftom  (1)  and  (2)  to  (3),  and  soon;  and  similarly  for  rules 
of  still  higher  orders. 

It  is  furthermore  pointed  out  that  these  methods  are  peculiarly  valuable 
in  cases  where  the  equation  involves  graphical  representations  of  va- 
riables not  expressible  by  analytical  means,  as  in  various  physical  prob- 
lems. 

These  methods  are,  of  course,  independent  of  the  order  of  the  equation, 
and  those  of  the  third  or  fourth  order  may  be  quite  as  readily  treated  as 
those  of  the  second  or  first,  except  for  the  greater  amount  of  work  in- 
volved in  carrying  out  the  operations. 
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Id  like  manner  eqoations  involving  complex  quantities  may  be  treated 
by  the  same  metliods,  and  with  no  added  difilciilty  aside  from  the  addi- 
tional operative  work  introduced. 

'I'he  application  of  these  methods  to  simultaneous  eqnations  is  also 
pointed  out,  and  the  paper  concludes  with  several  problems  illustrating 
the  methods  discussed,  and  showing  the  nature  of  their  application. 

[This  paper  will  be  published  in  the  Annals  of  Mathematics.] 


Commutative  matrices.     By  Prof.   Jambs  Byrnik  Shaw,  Illinois  Col- 
lege, Jacksonville,  111. 

1.  If  the  latent  roots  of  the  matrix  ^,  order  n.  are  g\,  gi,    .     .     .    of 
multiplicity  mi,  to^,     .    .     .    respectively,  then  tp  may  be  written 

^==^/  +  ^,"  +  ^3'"+    .     .     . 

where  f  /  is  a  matrix  of  order  mi,  whose  roots  are  all  equal  to  ^i,  and 
which  operates  on  an  extension  of  order  m^ ;  <ft"  is  a  matrix  of  order 
mj,  roots  equal  to  ^g,  operating  on  an  extension  of  order  m^,  etc.  The 
extensions  spoken  of  are  mutually  exclusive  and  together  make  up  the 
entire  extension  n  upon  which  (p  operates  {Tdber,  Amer.  Jour.  Math. 
Vol.  12,  p.  373).    We  have 

<p^f  ^^"  =  0  etc. 
9\  '    =s«'i'etc. 

2.  Any  matrix  i/r  may  be  expres-^ed  in  terms  of  a  series  of  matrices 
thus 

-h«A/  -i-'Aa'  -I- 


where  the  matrix  ^^J^  converts  any  vector  in  the  extension  belonging  to 
^(J>  into  a  vector  in  the  extension  belonging  to  ^^^\    That  is 

where  7)(r)  converts  the  defining  unit  vector  pg  into  the  unit  vector  p^^ 

3.    Now  if  ^  is  commutative  with  ^, 

fp\lf  =  ^<P' 

Expanding  both  sides  we  have  a  set  of  linear  homogeneous  equations  in 
the  h*%  as  many  in  number  as  the  unknown  &'s.     The  determinants  of 
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certain  ones  of  this  set  do  not  vanish,  lience  those  &*s  are  each  0,  namely, 
those  belonging  to  ^t',  ^8 ',    .     .    ^i",  ^3",     .    .    Hence 

tA  =  'Ai'  +  ^«"  +  'A3'"+    .     .    . 

4.  Therefore,  if  ^  and  ^  are  commatative  with  each  other,  either  is  the 
snm  of  a  series  of  partial  matrices,  each  partial  matrix  having  a  nnique 
ground,  and  equal  roots ;  and  the  other  is  the  sum  of  a  series  of  corre- 
sponding partial  matrices  -which  have  the  same  unique  grounds,  but  whose 
roots  may  not  be  equal. 

6.  The  consideration  of  the  restrictions  on  the  equality  of  the  roots 
of  the  partial  matrices  of  the  second  matrix  will  be  taken  up  elsewhere. 

[This  paper  will  be  published  in  American  Journal  of  Mathematics.] 


On  the  thkory  of  the  quadratic  equation.    By  Prof.    A.   Maofau- 
LANE,  Lehigh  University,  South  Bethlehem,  Pa. 

Consider  the  quadratic  equation 

X*  +  2bx  +  c=zO 
with  solution  x  =  —  b  ±  1/6*  —  c  . 

The  current  theory  may  be  stated  as  follows :  When  5'  is  greater  than 
c,  the  radical  term  is  to  be  simply  added  to  the  other  term,  and  is  repre- 
sented as  part  of  the  same  straight  line ;  but  when  5'  is  less  than  c,  then 
the  radical  y  c  —  b*  is  to  be  geometrically  added  to  the  other  term,  and 
is  represented  as  at  right  angles  to  it.  This. theory  is  inadequate,  and  re- 
quires to  be  extended  as  follows.  When  b*  is  greater  than  c,  the  radical 
may  be  represented  at  right  angles,  so  that  the  two  terms  of  the  root 
represent  a  hyperbolic  complex  quantity :  this  is  the  interpretation  which 
is  supplementary  to  the  circular  complex  quantity ;  in  both  cases  a;  is  a 
complex  quantity. .  Again  when  5*  is  less  than  c,  x  may  be  a  scalar  quan- 
tity ;  in  which  case  the  two  parts  of  the  root  are  represented  along  the 
same  straight  line.  The  cosine  of  an  angle  which  is  the  sum  of  a  circu- 
lar and  a  complex  angle  is  of  this  character. 


On  a  new  principle  in  solving  certain  linear  differential  kqua- 

IIONS  WHICH   OCCUR  IN   MATHEMATICAL  PHYSICS.      By    Prof.    A.    MaC- 

faulane.  South  Bethlehem,  Pa. 

When  the  right  hand  member  is  the  orthogonal  projection  of  a  plane 
motion,  it  is  easier  to  pass  to  the  auxiliary  motion  using  plane  algebra 
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than  it  is  to  proceed  with  the  given  equation  directly.     For  example,  let 
the  differential  eqaation  be 

di      B,       E    .       ^ 

where  B,  L,  E,  and  i  are  scalar  quantities.  When  we  substitute  e^^att 
instead  of  sin  aft  we  pass  to  plane  algebra,  and  the  variable  is  then  planar 
and  will  be  denoted  by  7.     Hence 

As  the  rules  for  plane  algebra  are  the  same  as  those  for  linear  algebra, 
we  derive 


_  lit         Rt  R 


/=^e     ^     Ce^e-^~\^t  +  Ce    ^' 
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Therefore 


-^  sin  (^(ot—tan       -")  +  Ce      ^ 

)  -ii 


yB:'-\-{Liu 


This  method  was  used  in  a  paper  which  I  read  before  the  International 
Electrical  Congress  at  Chicago  (Trans.  Amer.  Inst.  Elect.  Engineers,  Vol. 
X.  p.  186). 
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Condition  THAT  Til K  line  common  to  n— 1  planks  in  an  n-space  may 

PIBItCK    A    GIVEN     QUADKIC     SUKFACK    IN    THE    SAME    SPACE.      By    Dr. 

Virgil  Snyder,  Ithaca,  N.  Y. 

[Communicated  by  the  Secretary.'] 


Given  /i— 1  Uncar  equations 
n+i 
1=1 


[A;  =  1.2,     . 


n  —  l 


and  one  quadratic  equation 

^Cxi.Xje.  .  .  Xg)  =  9P  (x)  =0, 

homogeneous  in  the  same  n  +  I  variables 

X,,  x^,  .  .  .  xn+i 

The  problem  is  to  determine  when  the  simultaneous  values  of  x^ 
that  satisfy  these  equations  shall  be  real. 

When  «.,«     ,       ,  then  x.  = r^ where 

'^        ^x.    '  *  ^<^it 


Xtl+Z 


*   (''7k  ^2k  » 


^ek 


)«*(«,)  =0 


»i+2 

is  the  condition  that  the  plane  -T   a^^  x,.  =  0  may   touch  the  quadric 
9  (^)  =  0. 

Let  <^>  (tf;;.^  a^)  represent  the  polar  of  the   forms  0  {uj.)  and  ^  (a,) 
such  that 

The  following  theorem  expresses  the  result  : 

The  simultaneous  values  are  real,  coincident  or  imaginary,  ac^^rding  as 

(—  i)         .If  is  positive,  zero  or  negative  ;  where  H  stands  for  the  deter- 
minant 


*(«2>«.). 


*("3.    «2> 


*(«   ,«        ) 
^  »        n+7' 


*(  "       ) 
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and  h  is  the  niiinber  of  negatiye  terms  that  appear  in  ^  (a;),  after  being 
transformed  by  a  real  substitution  into  the  algebraic  sum  of  squares. 

The  criterion  is  of  equal  value  whether  n  is  odd  or  even,  and  has  prac- 
tic:i I  applications  for  n  =  2,  3,  4  or  6,  in  point,  line  and  spherical  geometry. 

[To  be  published  in  The  Bulletin  of  the  American  Mathematical  Society.] 


Thk  psychology  of  thb  personal  equation.   By  Prof.  T.  H.  S afford, 
Williamstown,  Mass. 

Thb  object  of  this  paper  is  to  awalcen  an  interest  among  astronomers 
and  psychologists  such  as  to  induce  them  to  pay  more  attention  to  each 
otiter's  work,  and  thus  improve  their  own  methods  where  necessary. 

[This  paper  is  printed  in  Science,  September,  1897.] 


Compound  detkrminants.     (Pkkliminary  communication.)    By  Prof. 
W.  H.  Mbtzler,  Syracuse  University,  Syracuse,  N.  Y. 

In  this  paper  the  idea  of  obtaining  the  value  of  A(m)  the  m^  compound 
of  the  determinant  ^  as  a  power  of  A,  by  multiplying  it  by  its  ad  jugate 
A{n-m)j  the  (n-m)  ^  compound  of  Ay  is  extended  to  finding  the  value  of 
certain  minors  of  A(m)  in  terms  of  A  and  its  minors.  Talcing  any  minor 
of  A  and  forming  its  m^^  and  {n-my^  compounds  their  values  in  terms  of 
the  minor  is  in  the  same  way  found.  Making  use  of  this  principle  and  the 
laws  of  Complementaries  and  Extensible  Minors,  it  is  shown  how  the  value 
of  many  minors  of  A^m)  may  be  found ;  and,  by  making  use  of  a  compre- 
hensive notation,  the  whole  subject  is  unified,  the  laws  of  vanishing  minors 
set  forth  and  such  well  known  theorems  as  Sylvester*s  and  others  are 
easily  established. 

[This  paper  will  l>e  published  in  American  Journal  of  Mnthematicsi.] 


Waters  within  the  earth  and  laws  of  rainflow.    By  VV.  S.  Aucii- 
INCLOB8,  C.E.,  Philadelphia,  Pa. 

[This  paper  has  been  printed  by  the  author  for  distribution.] 
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On  thk  SKcrLAR  motion  of  the  EAKTirs  magnktic  axis.    By  Dr.  L.  A. 
Bauer,  University  of  Cincinnati,  Cincinnati,  O. 

About  70  %  of  the  total  magnetization  of  the  earth  can  be  referred  to  a 
homogeneous  magnetization  about  a  diameter  inclined  to  the  earth's  rota- 
tion axis  by  an  angular  amount  of  about  12^.  This  ax  a  has  been  termed 
by  Gauss  the  earth's  magnetic  axis.  It  is  an  Interesting  question  to  de- 
termine the  motion  of  this  axis  during  the  past  two  or  three  centuries. 
The  present  paper  is  an  attempt  to  solve  this  problem  as  far  as  is  possible 
with  the  data  at  present  at  our  command. 

[This  paper  will  be  published  in  Terrestrial  Magnetism.] 


Simple  expressions  for  the  diurnal  range  of  the  magnetic  decu- 
NATION  AND  THK  MAGNETIC  INCLINATION.  By  Dr.  L.  A.  Bauer,  Uni- 
versity of  Cincinnati,  Cincinnati,  O. 

As  yet  no  formulae  had  been  found  by  which  the  diurnal  range  of  the 
magnetic  declination,  for  example,  could  be  computed  for  various  por- 
tions of  the  earth.  The  writer  has  found  the  following  most  simple 
formulae  to  hold  true  within  the  fluctuations  to  which  the  quantities  them- 
selves are  subject : 

Diurnal  range  of  declination  =  2'.68  Sec*  tp    .     .     .     (1) 

6M 
**       *•     inclination   =--,— — — j —  .     .     .     (2) 
1-1-3  sin*  (p  ^  * 

where  ^p  =  magnetic  latitude  is  found  from  the  equation 

tan  (p  =  i  tan  I (3) 

Kquation  (1)  was  found  In  the  first  place  empirically,  then  under  certain 
assumptions  deduced  theoretically.  Equation  (2)  wan  then  deduced  the- 
oretically and  found  to  satisfy  the  data. 

[  rhls  paper  will  be  printed  in  Terrestrial  Magnetism.] 


The  theory  of  perturbations  and  Lie's  theory  of  contact  trans- 
formations.   By  Dr.  Edgar  Odell  Lovett,  Princeton,  New  Jersey. 

ICommunicated  by  the  Secretary.'] 

It  is  the  object  of  the  paper  to  present  the  theory  of  perturbations  as 
a  branch  of  Lie's  theory  of  contact  transformations.  The  investigation 
falls  into  the  following  divisions : 
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1"    The  Theory  of  Perturbations  of  Lagrange  and  Polsson; 
2^    The  Theory  of  Hamilton  and  Jacob! ; 
3°    Lie's  Theory  of  Contact  Transformations ; 
40    8chering*s  Development  of  the  Hamilton  Jacobl  Theory ; 
5°    Lie's  Memoir  on  the  Theory  of  Perturbations  and  the  Theory  of 
Contact  Transformations. 

The  key  to  the  connection  between  the  theory  of  perturbations  and  that 
of  contact  transformations  lies  in  the  conception  of  a  perturbation  prob- 
lem as  a  transformation  problem  of  a  system  of  canonical  equations 

i     ^Pi  i  ^9 

into  a  similar  canonical  system. 

These  canonical  equations  were  first  discovered  by  Lagrange  for  the 
cjise  of  «^-,  p(p  where  «,•  and  fi^  are  the  initial  values  of  p^  and  q.  respect- 
ively, and  F  contains  the  q.  but  not  the  p^.  They  were  extended  by  Ham- 
ilton to  the  case  in  which  F  contains  both  thep^  and  the  q.;  and 
finally  by  Jacobl  to  the  case  In  which  a.  and  b.  are  any  system  of  conju- 
gate elements.  The  first  published  demonstration  of  Jacobi's  theorem 
was  given  by  Desboves;  demonstrations  by  Bour  and  Jacobl  appeared 
later.  Further  It  is  to  be  remarked  that  the  transformation  defined  by 
this  theorem  of  Jacobi  is  not  what  Lie  has  defined  as  a  contact  trans- 
formation. 

The  equations  of  motion  of  a  free  system  of  particles  under  their  mu- 
tual attractions  and  repulsions  were  expressed  in  this  canonical  form  by 
Cauchy  and  Hamilton ;  by  Binet  for  the  case  wher«>  the  coordinates  are 
connected  hy  eqnations  of  condition ;  by  Ostro^radsky  for  the  case  of  a 
force* function  containing  the  time  explicitly ;  further,  this  canonical  form 
was  given  to  the  general  system  arising  from  any  problem  in  the  calculus 
of  variations  by  Ostrogradsky,  and  finally  by  Schering  to  the  equations  of 
motion  when  the  forces  depend  not  only  on  the  position  but  also  on  the 
motion  of  the  system.  As  particular  cases,  the  formula  for  the  perturba- 
tion of  a  body  under  the  action  of  a  central  force,  of  a  rotating  solid, 
and  of  a  prnjectlle  appear  under  the  same  canonical  form. 

Lie  has  shown  that  the  transformation  of  any  canonical  system  as  con- 
sidered by  Hamilton  and  Jacobl,  namely,  that  In  which  the  function  F  of 
the  system  contains  only  the  two  sets  of  variables,  into  another  canonical 
system  Is  efl*ected  by  a  contact  transformation.  Also  that  the  transfor- 
mntion  of  a  definite  canonical  system  in  which  the  function  F contains  both 
sets  of  variables  and  the  time,  into  another  definite  canonical  system  who>e 
fanction  (p  contains  both  sets  of  the  new  variables  and  the  time,  can  be 
performed  by  a  determinable  contact  transformation.  The  most  general 
transformation  which  changes  a  definite  canonical  system  into  a  similar 
system  is,  in  general,  not  a  contact  transformation.  Lie  has  shown  how 
CO  find  this  general  transformation     The  problem  of  finding  the  general 
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transformation  that  shall  change  every  canonical  system  Into  every  other 
canonical  system,  in  the  same  general  way  that  a  transitive  gronp  of  point 
transformations  transforms  the  points  of  space,  is  yet  to  be  solved. 


On     rational     RiaHT-A\GLBD     TRIANGLES.  —  I.        By     ARTKMAS    MaKTIN, 

LL.D.,  U.  S.  Coast  and  Geodetic  Survey  Office,  Washington,  D.  C. 

1.  Statement  of  Pythagorean   proposition   with  brief  bibliography 
and  a  proof  of  the  proposition. 

2.  Algebraic  proof,  or  solution  of  the  equation 

x«  -h  y*  =  «• 
in  general  terms. 
8.     Properties  of  the  sides,  or  their  peculiar  relations  to  each  other. 
4.    Table  of  triangles. 
[This  paper  will  Ue  printed  in  the  Mathematical  Magazine.] 


Some  results  in  integration  expressed  by  the  elliptic  integraijs. 
By  Prof.  James  McMahon,  Cornell  University,  Ithaca,  N.  Y. 

This  paper  expresses  In  terms  of  the  tabniated  E  and  F  functions  a 
number  of  integrals  many  of  which  had  apparently  never  been  completely 
worked  out. 

[This  paper  will  be  printed  in  the  Annals  of  Mathematics.] 


Modification  of  the  Eulerian  cycle  duk  to  inequality   of  equa- 
torial MOMENTS  OF  INERTIA  OF  THE  EARTH.     By  Prof.  R.  S.  WOOD- 

WAUD,  Columbia  University,  New  York,  N.  Y. 

This  paper  shows  how  to  express  the  effect  of  a  small  difference  in  the 
equatorial  moments  of  inertia  of  the  earth  on  the  period  of  revolution  oT 
the  instantaneous  axis  of  rotation  around  the  axis  of  figure.  A  remark- 
able value  is  obtained  for  the  average  angular  velocity  of  that  revolution ; 
and  a  formula  Is  deduced  for  the  difference  In  the  equatorial  momenta  es- 
sential to  explain  the  discrepancy  between  the  observed  and  computed 
value  of  the  Eulerian  cycle. 

[This  paper  will  be  printed  In  the  Astronomical  Jonrnal.J 
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Integration  of  thb  equations  of  rotation  of  a  n(»n-rioid  mass 
for  the  case  of  equal  piiincipal  moments  of  inertia.  by  pfof. 
R.  S.  Woodward,  Columbia  University,  New  York. 

The  title  of  this  paper  explains  its  contents  sufficiently.  The  case  con- 
sidered is  that  of  no  applied  forces,  or  that  in  which  there  Is  conservation 
of  moment  of  momentum.  The  problem  is  of  practical  interest  in  its  ap- 
plication to  the  question  of  variation  of  latitudes  on  the  earth.  Several 
new  theorems  with  respect  to  the  motions  of  the  mass  are  derived. 

[This  paper  will  be  printed  in  the  Astronomical  Journal.] 


General  theorems  concerning  a  certain  class  of  functions  de- 
duced FROM  the  properties  OF  THE  NEWTONIAN  POTENTIAL  FUNC- 
TION.    By  Dr.  J.  W.  Glover,  Ann  Arbor,  Mich. 


On  the   IMPORTANCE   OF  ADOPTING   CERTAIN   STANDARD  SYSTEMS  OF  NOTA- 
TION   AND    COORDINATES    IN    MATHEMATICS    AND    PHYSICS.      By    Prof. 

Frank  H.  Bigelow,  U.  S.  Weather  Bureau,  Washington,  D.  C. 

This  paper  describes  the  present  annoying  state  of  the  subject  matter 
of  notation  :ind  coordinate  systems,  advocates  the  adoption  of  certain 
standards,  and  discusses  the  po8sii)ility  of  obtainiujir  a  concensus  onsym- 
bols  <iiid  fundamental  conventions. 

[This  paper  will  be  printed  in  Monthly  Weaiher  Review.] 


A   remarkable  COMPLETE  QUADRILATERAL   AMONG  THE   PASCAL   LINB.S    OF 
AN  INSCRIBED  SIX-POINT  OF    A    CONIC.        By    Prof.    R.    D.   BOHANNAN, 

Ohio  State  University,  Columbus,  Ohio. 


Stereoscopic  views  of  spherical  catenaries  and  gyroscopic  curves. 
By  Prof.    A.    G.   Greenhill,   Royal  Artillery    College,  Woolwich, 
England. 
[For  abstract  see  Section  B.] 
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LONG  BANQE  TEMPEBATUBE  AND  PBESSUBE  VABIABLES 

IN  PHYSICS. 


METHODS   OF   PTROMETRT. 

The  endeavor  to  provide  suitable  apparatus  for  high  tempera- 
ture measurement  is  one  of  long  standing.  The  student  of  the 
subject  is  fairly  overwhelmed  with  the  variety  of  devices  which 
have  been  proposed.  There  are  few  phenomena  in  physics  which 
have  not  in  some  way  or  other  been  impressed  into  pyrometric 
service,  often  indeed  by  methods  of  exquisite  physical  torture.  I 
cannot,  of  course,  even  advert  to  many  of  these  this  afternoon, 
as  my  purpose  will  have  to  be  restricted  to  such  devices  as  have 
usefully  survived.  Thus  a  whole  group  of  "intrinsic  thermo- 
scopes,"  as  Lord  Kelvin  calls  them,  —  apparatus  in  which  some 
property  of  the  substance  is  singled  out  for  measurement  —  will, 
be  overlooked.  Pyrometry  will  some  day  receive  substantial  aid 
from  the  phenomena  of  solid  thermal  expansion,  dear  to  the  hearts 
of  old  Wedgewood,  of  Professor  Daniells,  of  the  citoyen  Guyton- 
Morveau  and  recently  to  Professors  Nichols,  Joly  and  others ;  but 
even  the  "meldometer,"  which  has  received  Ramsay's  encourage- 
ment, and  recent  heroic  attempts  to  measure  the  expansion  of 
platinum,  have  not  yet  entered  the  arena  to  stay.^  The  same  may 
be  said  of  vapor  pressure,  ebullition  and  certain  dissociations, 

X  Noteworthy  attempts  to  replace  mercmy  hj  a  liquid  potassioBodluin  alloy  in  glass 
thermometerB  are  among  the  novelties. 
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of  which  the  former  is  entirely  too  liberal  in  dispensing  pressure, 
and  the  latter  too  negligent  in  readjusting  it.  Little  has  been 
done  with  heat  conduction  regarded  as  subservient  to  the  measure- 
ment of  high  temperatures ;  little  with  color  and  the  spectrum, 
even  thongh  Draper  and  Langley  in  this  country  and  many  others 
abroad  have  paid  tribute;  little  with  polarization.  The  wave 
length  of  sound  has  told  Cagniard  Latour  and  our  own  A.  M. 
Mayer  much  about  high  temperature,  but  it  did  not  tell  them 
enough. 

Throughout  the  history  of  pyrometry,  fusion  seems  to  have 
come  forward  for  Journeyman  duty.  What  is  more  convenient 
than  to  find  whether  the  degree  of  red  heat  is  too  low  or  too  high 
from  the  fusion  of  pi-epared  alloys.  As  far  back  as  1828  Prinsep, 
aware  of  the  golden  opportunity,  with  his  golden  air  thermometer 
determined  the  melting  point  of  some  equally  precious  alloys  of 
gold,  silver  and  platinum,  and  determined  them  very  well.  Other 
alloys  were  afterwards  substituted  and  graded  mixtures  made  of 
quartz,  chalk,  kaolin  and  feldspar  for  the  purpose.  Efforts  to  ob- 
tainmore  accurate  values  are  due  to  Becquerel,  but  the  absolute 
values  most  widely  used  until  quite  recently,  namely,  the  melting 
points  of  sQver  (958**),  gold  (1085°),  copper  (1054**),  palladium 
(IdOO"*),  platinum  (1775''),  iridium  (1950"*),  are  due  to  the  re^ 
searches  of  Violle. 

Interest  in  high  temperature  fusions  has  of  recent  date  rather 
increased  than  abated.  The  demand  for  more  accurate  data  has 
been  met  by  the  Reichsanstalt  and  we  have  now  a  set  of  values 
for  silver,  copper,  gold,  nickel,  palladium  and  platinum  in  terms 
of  the  air  thermometer  standard  of  that  institution.  Data  have 
also  been  supplied  by  Callendar.  Among  these  values  there  is  as 
yet  considerable  confusion  and  the  end  is  not  yet.  Long  ago  I 
suspected  that  the  Violle  melting  points  were  probably  too  low, 
whereas  the  assumed  zinc  boiling  point  is  probably  too  high.  This 
surmise  has  been  partially  borne  out  by  the  Reichsanstalt,  though 
Le  Chatelier  even  now  prefers  Violle's  values. > 

t  The  following  table  contains  a  brief  sammary: 

Ag.    (Violle)  954'    (BaruB)    986--  985*    (Callendar)  988-    (H.  ft  W.)        VIV 

losr  vnr 

1484* 
IMT 
1780- 


An. 

1046' 

IWlMOflS* 

Cu. 

1064' 

KWC-KW 

Nl. 

1476*-15ir 

Pd. 

ifiocr 

1685'-164r 

Pt. 

1776* 

175r-1866' 
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Thermoscopes  based  on  a  specific  keaJb  have  an  advantage  over 
fusion  thermoscopes  in  not  being  discontinuous.  They  are  quite 
as  ^Hntrinsic''  and  much  less  convenient  in  practice.  Guyton- 
Morveau  at  the  beginning  of  the  century  pointed  out  the  pyrome- 
ter importance  of  specific  heat  and  a  host  of  observers  followed 
him.  But  the  critical  discussion  of  the  subject  is  due  to  Pouillet 
(1836),  who  determined  the  thermal  capacity  of  platinum  between 
0  and  1200°  absolutely,  and  found  a  value  so  nearly  constant  as  to 
place  this  method  of  pyrometry  in  a  very  favorable  light.  Other 
observers  followed  with  new  data,  and  the  bulk  of  our  knowledge 
to-day  is  again  due  to  VioUe.  Violle  used  Deville  and  Troost's 
exhaustion  air  thermometer  and  determined  the  law  of  variations 
of  specific  heat  and  temperature  throughout  a  large  pyrometric 
interval  with  a  number  of  metals,  silver,  gold,  copper,  palladium, 
platinum,  iridium,  among  them.  It  was  by  prolonging  this  law  as 
far  as  fusion  that  the  melting  points  of  the  metals,  to  which  I  have 
already  alluded,  were  obtained.  This  verges  on  extrapolation,  but 
it  is  not  extrapolation  gone  mad. 

The  importance  of  calometric  high  temperature  measurement  has 
recently  been  accentuated  in  connection  with  the  remarkable  high 
temperature  accomplishments  of  Moisson.  Furnace  temperatures  in 
the  case  of  such  technological  operations  as  are  used  in  connection 
with  iron,  glass  and  porcelain  manufacture,  rarely  exceed  1,400° ; 
except  perhaps  in  the  Bessemer  process  where  the  temperatures  are 
wont  to  exceed  1,600°  and  even  reach  2,000°.  In  Moisson's  fur- 
nace, which  is  essentially  an  electric  arc  enclosed  by  non-conduct- 
ing lime,  a  totally  new  order  of  high  temperatures  are  impressed. 
There  was  thus  a  call  for  at  least  an  approximate  measurement 
of  their  values  which  was  answered  by  Violle,  assuming  that  the 
specific  heat  of  carbon  above  1,000°  approaches  a  limit  of  0.5 
calorie.  The  sufiSciency  of  this  hypothesis  is  not  unchallenged, 
however;  for  instance,  Le  Chatelier  finds  that,  up  to  1,000°,  the 
specific  heat  of  carbon  continually  increases  having  no  certain 
Umit.  Admitting  Violle's  results,  Moisson's  furnace  temperatures 
exceed  2,000°  even  at  80  amperes  55  volts;  at  860  amperes  and 
70  volts  tin  and  zinc  oxides  melt  and  boil ;  they  exceed  8,000°  at 
500  amperes  and  70  volts,  where  lime  melts,  and  often  boils. 
Moisson,  however,  went  as  far  as  1,000  amperes  at  50  volts. 

The  striking  novelty  of  Moisson's  work  is  rather  of  chemical 
interest,  and  a  large  part  of  it  is  so  fresh  in  our  memory  that  in 
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view  of  Moisson's  foithcoming  book,^  L  need  merely  glance  at  it 
A  range  of  fusibilities,  among  which  platinum  lies  lowest,  while 
chromium,  molybdenum,  uranium,  tungsten,  vanadium,  follow  in 
order,  and  of  ebullitions  beginning  with  silica  and  zinc  oxide,  is 
rather  breath-taking.  Finally  his  structural  investigations  on  the 
occurrence  of  carbon,  and  his  long  series  of  carbides,  many  of  them 
commercially  valuable,  have  staggered  even  the  sensational  press. 

Leaving  other  intrinsic  thermoscopes  for  the  moment,  I  will  ask 
your  attention  in  this  place  to  the  development  of  the  only  fruitful 
method  of  absolute  pyrometry  which  has  yet  been  devised.  I  refer, 
of  course,  to  the  gas  thermometer,  or  in  other  words,  to  the 
manometric  methods  of  measuring  the  thermal  expansion  of  gases. 
Efforts  have  indeed  been  made  to  use  gaseous  viscosity  for  abso- 
lute high  temperature  work.  It  has  been  definitely  pointed  out, 
inasmuch  as  viscosity  in  gases  is  independent  of  pressure,  while 
both  viscosity  and  volume  increase  with  temperature,  that  the  trans- 
piration rates  of  gases  through  capillary  tubes  of  platinum  glazed 
externally  would  necessarily  be  an  exceedingly  sensitive  criterion 
of  the  variation  of  high  temperatures.  The  small  volume  of  the 
transpiration  pyrometer  as  compared  with  the  clumsy  fragile  bulb 
and  appurtenances  of  the  air  thermometer  is  further  to  the  point. 
But  modem  kinetics  has  as  yet  failed  to  fathom  the  law  of  varia- 
tion of  viscosity  with  temperature,  and  even  the  researches  of  O.  E. 
Meyer  in  this  direction  do  not  seem  to  have  quite  touched  bottom. 
Gaseous  transpiration  pyrometry  is  thus  still  much  in  the  air,  sur- 
veying the  horizon  of  a  glorious  ftiture. 

Returning  from  this  digression  to  the  air  thermometer,  we  find 
the  first  thorough-going  piece  of  high  temperature  work  carried  oat 
by  Prinsep  (1829),  by  the  aid  of  a  reservoir  of  pure  gold  to  which 
I  have  already  alluded.  Prinsep's  manometer  was  filled  with  olive 
oil,  and  the  volume  issuing  at  constant  pressures  was  found  by  the 
balance.  In  view  of  the  pure  olive  oil,  probably  available  in  1829, 
these  experiments  must  have  been  comfortably  appetizing  and  I 
dare  say  Prinsep's  good  humor  in  the  matter  may  have  contributed 
to  the  remarkable  excellence  of  his  results.  Prinsep's  researches 
were  not  superseded  until  Pouillet,  in  1836,  published  his  paper 
on  pyrometry.  Pouillet  constructed  an  air  thermometer  bulb  of 
platinum  and  was  thus  able  to  reach  the  farthest  pyrometric  north 
of  the  day  and  long  after.     His  results  are  many  sided ;  they  con- 

1  Le  Fonr^leotrlqne,  par  Henri  Molsson;  Paris,  Stelnhell. 
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tain  the  first  definite  data  in  radiation  pyrometry  and  in  calometrio 
pyrometry.  His  constant  pressure  manometer,  afterwards  further 
perfected  by  Regnault,  is  the  best  apparatus  for  the  purpose  to- 
day. Pouillet  did  not  suspect,  indeed  he  remained  quite  unaware 
of,  the  permeability  of  platinum  to  furnace  gases ;  perhaps  for  this 
and  other  reasons  he  failed  to  detect  the  thermo-electric  anomalies 
in  the  platinum-iron  couple  which  he  so  carefully  calibrated. 

It  was  thus  a  great  step  in  advance  when  Deville  and  Troost 
long  after  replaced  platinum  by  glazed  porcelain,  availing  them- 
selves (1857-60)  of  Dumas'  famous  vapor  density  method  for 
measuring  temperature.  Unfortunately  for  the  rapid  progress  of 
pyrometry,  Deville  and  Troost  used  iodine  vapor  in  their  bulbs,  a 
heavy  gas  indeed  ;  but  a  gas,  as  was  afterwards  found,  whose  low 
temperature  molecule  dissociates  at  higher  temperatures.  Thus 
they  unwittingly  committed  an  even  greater  error  than  Pouillet  in 
gliding  over  permeable  platinum ;  and  their  data  for  the  boiling 
points  of  zinc  and  of  cadmium  were  about  100°  too  high.  In  fact 
these  results  were  challenged  not  long  after  by  Becquerel  (1868) 
who  had  fallen  heir  to  Pouillet's  platinum  air  thermometer,  had  used 
it  to  calibrate  a  platinum-palladium  thermo-couple  of  his  own,  and 
had  found  data  for  the  boiling  points  of  zinc  and  cadmium  upwards 
of  110°  degrees  below  those  of  Deville  and  Troost.  I  cannot  here  en- 
ter upon  the  discussion  which  thereafter  arose  between  these  active 
observers,  further  than  to  state  that  in  the  course  of  it  both  parties 
frequently  repeated  their  measurements  (Becquerel  even  substitut- 
ing a  porcelain  bulb  for  Pouillet's  theimometer)  without  removing 
the  discrepancy  between  their  values. 

Later  researches  have  decided  in  favor  of  Becquerel's  results, 
and  his  original  research,  with  its  applications  to  fusion,  to  ra- 
diation, to  thermo- electrics,  etc.,  is  one  of  the  noteworthy  accom- 
plishments in  the  history  of  pyrometry.  Nevertheless  it  must  not 
be  forgotten  that,  to  the  investigation  of  Deville  and  Troost,  our 
knowledge  of  the  perviousness  of  iron,  platinum  and  other  metals 
to  gases  is  due.  We  are  also  indebted  to  Deville  for  the  great 
discovery  of  dissociation,  the  very  phenomenon  which  he  was  here 
so  loth  to  acknowledge.  This  is  the  case  of  a  man  stumbling  in 
his  own  footprints.  Victor  Meyer  was,  I  believe,  the  first  to  point 
out  the  probable  dissociability  of  the  iodine  molecule,  suggesting 
a  fruitful  subject  of  research  which  has  since  been  extended  to 
many  other  molecules. 

In  1863,  Deville  and  Troost  began  a  new  series  of  high  temper- 
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atare  researches,  the  feature  of  which  is  the  perfected  form  of 
porcelain  bulb.  This  was  a  hollow  sphere  and  long  capillary  stem 
adapted  for  use  with  Regnaulf  s  standard  air  thermometer.  Great 
difficulties  were  encountered  in  the  endeavor  to  glaze  the  bulbs 
within.  They  were  finally  overcome  by  making  bulb  and  stem  sep- 
arately and  then  soldering  them  together  with  feldspar  before  the 
oxy-hydrogen  blow  pipe.  Elaborate  measurements  on  the  thermal 
expansion  of  Bayeux  porcelain  accompany  these  researches  which, 
undertaken  together  with  M.  Gosse  of  the  Bayeux  works,  occupied 
them  intermittently  for  about  seven  years.  A  full  summary  of 
their  data  did  not  appear,  however,  until  1880,  when,  together  with 
a  new  vacuum  method  of  high  temperature  air  thermometry,  they 
communicated  the  results  of  twenty-seven  measurements  on  the  boil- 
ing point  of  zinc.  Their  new  results  are  in  good  accord  with  the 
data  of  Becquerel  already  cited  and  the  more  recent  results  of 
Violle  and  others  for  the  same  landmark  in  the  region  of  high 
temperatures.  Measurements  between  0°  and  1500^  had  thus  reached 
a  degree  of  precision  of  about  15°  in  1000°. 

The  further  development  of  pyrometry  took  a  somewhat  different 
direction.  Regnault  (1861)  had  already  made  use  of  a  displace- 
ment method,  in  which  the  measuring  gas  is  removed  bodily  into 
the  measuring  apparatus  by  an  absorbable  gas.  But  the  method 
was  independently  revived  by  Professor  Crafts  of  the  Boston  Insti- 
tute of  Technology.  These  methods  are  not  of  especial  excellence 
below  1500° ;  but  above  that  temperature  when  most  solids  tend  to 
become  viscous,  their  importance  increases  (as  Crafts  duly  pointed 
out)  in  proportion  to  the  rapidity  with  which  the  measuring  opera- 
tions can  be  completed.  One  or  two  minutes  may  suffice  and  dif- 
ferent gases  may  be  tested  consecutively.  It  is  in  this  way  that 
Victor  Meyer  and  his  pupils,  after  demonstrating  the  dissociation 
of  iodine  and  chlorine  molecules,  succeeded  in  penetrating  quan- 
titatively to  very  much  less  accessible  heights  of  temperature.  A 
particular  desideratum  was  a  rigid  test  as  to  the  stability  of  the  mol- 
ecule of  the  standard  measuring  gases  (oxygen,  hydrogen,  nitro- 
gen). The  results  were  favorable  inasmuch  as  for  these  and  for 
many  gases  like  COj,  SOs,  HCl,  Hg,  etc.,  the  expansions  obtained 
were  linear  functions  of  each  other. 

In  their  final  work,  temperatures  as  high  as  1700°  were  reached, 
the  air  thermometer  for  this  purpose  being  tubular  in  form,  con- 
sisting of  very  refractory  fire  clay  with  an  interior  and  exterior 
lining  of  platinum  and  with  two  end  tubulures  of  platinum  for  in- 
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flux  and  efflux  of  gases.  Among  many  results  of  great  chemical 
interest  their  researches  showed  that  metallic  vapors,  phosphorus, 
sulphur,  etc.,  at  high  temperatures  tend  to  pass  into  the  monatomic, 
or  the  diatomic  molecular  structure. 

Sometime  after  (1887)  a  series  of  experiments  furthering  the 
line  of  research  of  Deville  and  Troost  were  made  with  a  geologic 
aim  in  view  in  the  Laboratory  of  the  U.  S.  Geological  Survey.  Fi- 
nally, porcelain  air  thermometry  was  taken  up  with  great  vigor  by 
the  Beichsanstalt.  These  results  due  to  Holbom  and  Wien  are  now 
almost  exclusively  quoted  and  carry  the  stamp  of  the  great  Institu- 
tion from  which  they  emanated.  They  have  been  wisely  made 
commercially  available  by  the  deposition  with  Heraus  in  Hanau 
(Germany)  of  a  platinum  rhodium  aUoy  definitely  calibrated  for  a 
temperature  range  of  1400**. 

Apart  from  this,  these  researches  contain  no  essential  novelty  ex- 
cept perhaps  a  more  detailed  attempt  to  investigate  the  stem  error 
of  the  thermometer  bulb ;  their  procedure  otherwise  is  identical  with 
the  method  developed  in  this  country.  I  am  not  therefore  inclined 
to  yield  to  it  the  unhesitating  deference  which  has  become  custom- 
ary. There  can  be  no  doubt,  in  view  of  the  splendid  facilities 
due  to  the  cooperation  of  the  Royal  Prussian  Porcelain  works — 
facilities  which  those  who  have  been  baffled  by  porcelain  technol- 
^SJy  ^^  have  had  to  coax  unwilling  manufacturers  into  reluctant 
compliance,  will  appreciate — that  the  data  of  tlie  Beichsanstalt  will 
eventually  be  standard.  For  the  present,  however,  I  should  be 
more  impressed  by  some  sterling  novelty  either  in  the  direction  of 
a  larger  range  of  measurement,  or  of  method.  Conceding  that  an 
accuracy  of  5^  at  1000^  has  been  reached,  all  results  above  1500° 
remain  none  the  less  subject  to  increasingly  hazardous  surmise. 

A  beautiful  method  of  absolute  thermometry,  albeit  as  yet  only 
partially  developed,  is  due  to  Topler.  In  this  the  densities  of 
communicating  columns  of  gas  are  compared  very  much  as  in  Du- 
long  and  Arago's  classical  method  for  liquids,  by  the  gravitation 
pressures  which  correspond  to  these  unequally  hot  columns.  To 
accomplish  such  extremely  fine  pressure  measurement,  Topler  in- 
vented the  '^Drucklibelle''  an  inversion  as  it  were  of  the  common 
level,  in  which  therefore  the  motion  of  the  bubble  (or  of  a  thread 
of  liquid)  indicates  a  change  of  pressure  conditioned  by  the  inva- 
riable horizontality  of  the  instrument. 

The  development  of  the  practical  forms  of  continuous  intrinsic 
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thermoscopes  (the  radicUion,  the  thermo-electricy  and  the  electric 
resistance  methods)  went  more  or  less  hand  in  hand  with  the  de- 
velopment of  the  air-thermometer  although  the  latter  is  decidedly 
the  more  recent.  Aside  from  pioneering  experiments  of  Miiller 
(1858)  and  others,  the  well  known  Siemens  resistance  pyrometer 
(1871)  was  the  first  instrument  in  the  field.  It  was  based  upon  data 
obtained  from  platinum,  copper  and  iron  by  the  calometric  method 
of  calibration.  This  instrument  has  been  remarkably  perfected 
by  Callendar  and  Griffiths,  using  specially  pure  platinum  calibrat- 
ed by  comparison  with  .the  air-thermometer  as  far  as  about  600**. 
Notwithstanding  these  improvements  the  resistance  pyrometer  is 
inferior  in  my  judgment  to  the  thermo-electric  pyrometer  from  the 
gi'eater  bulk  and  fragility  of  the  exposed  parts  and  the  tendency 
of  platinum  to  disgregate  or  waste  itself  gradually  at  high  temper- 
atures. Its  upper  limit  of  temperature  measurement  is  thus  lim- 
ited ;  for  even  if  the  difficulty  of  selecting  suitable  terminals  for  the 
coil  is  &ei  aside,  the  difficulty  of  finding  an  insulator  at  very  high 
temperatures  would  remain.  According  to  Holbom  and  Wien,  re- 
sistance is  seriously  subject  to  the  influence  of  furnace  gases  and 
permanence  of  the  low  temperature  constants  does  not  imply  a 
like  permanence  of  the  high  temperature  constants  of  the  metal. 

Radiation  pyrometry,  curiously  enough,  is  the  most  venerable 
method  within  the  whole  scope  of  the  subject.  It  was  introduced 
by  Newton  (1701)  in  his  sccUa  graduum  ccUoris  in  connection  with 
his  well-known  law  of  cooling.  Not  to  mention  minor  workers,  it 
was  successively  attacked  and  revived  in  most  of  the  noteworthy 
high  temperature  investigations.  Pouillet  and  Draper  have  stud- 
ied it ;  Becquerel,  Crova,  VioUe,  Le  Chatelier,  Langley,  Nichols, 
Paschen  and  others  have  advanced  it.  It  remains  to-day  the  most 
promising,  as  well  as  puzzlingly  fascinating  subject  for  pyrometric 
research.  One  need  merely  advert  to  its  broad  scope  in  relation 
to  the  temperature  of  the  heavenly  bodies  to  acknowledge  this. 
Here  I  can  only  allude  to  Becquerel's  principle  that  the  radiation 
of  opaque  bodies  is  spectrometrically  alike  at  the  same  temperature, 
a  result  which  has  Crova's  more  recent  assent ;  to  VioUe's  photo- 
metric measurements  of  the  total  emission  of  platinum ;  to  the 
more  recent  work  in  the  same  direction  of  VioUe  and  Le  Chatelier 
in  which  consistent  results  were  obtained  for  oxide  of  iron  and 
platinum  as  far  as  1600°  to  1700**;  to  Stefan's  law  as  proved 
by  Boltzmann  and  the  variety  of  discussion  it   has  elicited;   to 
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H.  F.  Weber's  collateral  equation ;  to  the  Johns  Hopkins  measnre- 
ments,  etc.  Another  school  of  observers,  including  Langley, 
Paschen  and  others,  has  undertaken  the  promising  but  much  more 
laborious  method  of  bolometric  measurement  of  the  distribution  of 
spectrum  energy  in  its  relation  to  temperature.  Without  doubt, 
however,  the  whole  subject  is  yet  inprimia  rudimentia;  the  results 
are  confessedly  ^^  intrinsic."  Indeed  vagueness  in  the  nature  of 
the  radiating  source  lowers  with  sufficiently  threatening  aspect  to 
chill  the  fondest  hopes.  When  one  is  told  by  Yiolle  working  on 
Mont  Blanc  that  the  temperature  of  the  sun  is  2500^ ;  thereupon  by 
Rossetti  that  it  is  9965'',  by  Le  Chatelier  that  it  is  at  least  7600'', 
by  Paschen  that  it  is  below  SOOO'',  by  Wilson  and  Gray  that  it  is 
8000**,  etc.,  one  wisely  concludes  that  more  may  yet  be  learned 
about  it.  Our  sympathies  naturally  go  with  those  who,  like  Lum- 
mer  and  Wien  and  the  Johns  Hopkins  people,  are  beginning  fun- 
damentally with  the  search  for  an  absolutely  black  body.  Less 
superstructure  and  more  sub-cellar  is  perhaps  the  watchword  in 
radiation  pyrometry. 

Turning  now  to  the  last  and  most  important  of  the  methods  of 
practical  pyrometry,  we  find  a  curiously  meandering  evolution  ap- 
parent. I  have  already  indicated  that  Pouillet  (1886)  was  the  first  to 
complete  a  legitimate  piece  of  calibration  work.  Pouillet  might  have 
condemned  the  method,  but  for  some  reason  Taif  s  thermo-electric 
anomalies  of  red-hot  iron  were  not  detected.  Regnault  (1847), 
who  was  the  next  to  take  up  the  subject  as  it  happened  with  the 
same  couple,  made  this  condemnation  sweeping  enough.  It  was 
not  the  real  perversity  of  the  platinum  iron  couple  which  pro- 
voked Regnault,  for  of  this  neither  he  nor  Pouillet  became  aware. 
Regnault's  objection  (as  we  should  put  it  to-day)  lay  in  the  fact 
that  the  thermo-couple  obeyed  Ohm's  law,  which  in  that  early  day 
lay  somewhat  beyond  the  great  physicist's  range  of  interest.  For- 
tunately, but  none  the  less  long  after,  Becquerel  followed  with  his 
palladium  and  divers  platinum  couples,  carefully  calibrated  and 
efficiently  used.  What  these  platinum  couples  were  is  not  stated. 
They  cannot  have  been  very  sensitive  or  they  would  have  been 
preferred  to  the  palladium-platinum  couple.  Indeed  the  metallurgy 
of  platinum  alloys  did  not  reach  a  degree  of  refinement  until  De- 
vQle  and  Debray  (1875)  overhauled  the  chemical  separation  of 
platinum  metals  with  particular  reference  both  to  iridium  and  to 
rhodium.  Recently  Mylius  and  Forster  at  the  Reichsanstalt  further 
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contributed  to  platinum  metallurgy.  But  in  view  of  the  toils  in 
which  the  whole  subject  of  high  temperature  measurement  lan- 
guished in  Becquerel's  day,  his  results  were  not  sufficient  to  re- 
move the  discredit  which  Regnault  had  thrown  upon  thermo-electric 
pyrometry.  And  so  it  happened  that  the  return  to  the  method  in 
recent  date  was  of  the  nature  of  a  resuscitation. 

It  is  amusing  to  note,  as  we  pass  on,  the  pranks  of  custom  as  it 
bore  down  upon  pyrometry.  Following  Deville  and  Troost  every 
worker  (I  might  mention  at  least  five)  felt  in  duty  bound  to  rede- 
termine the  boiling  point  of  zinc, — rather  a  difficult  feat  in  its  way. 
Thus  we  find  boiling  zinc  inseparably  associated  with  the  destiny 
of  the  calibrated  thermo-couple.  Le  Chatelier  broke  this  law  of 
fateful  sequence  by  ignoring  the  need  of  calibration  at  the  outset, 
and  then  using  the  couple  so  dignified  to  determine  the  melting 
points  of  silver,  gold,  palladium  and  platinum.  But  these  are 
Violle's  melting  points.  Hence  the  pyrometric  feature  of  Le 
Chatelier's  platinum-rhodium  couple  was  in  its  inception  due  to 
VioUe. 

Meanwhile,  accompanying  the  geologic  inquiries  of  Clarence 
King,  an  extensive  series  of  pyrometric  investigations  which  had 
been  in  progress  in  this  country  since  1882  were  completed  (1887). 
These  contained  a  full  examination  of  divers  efficient  methods  of 
pyrometry  and  a  study  of  the  porcelain  air-thermometer  with  par- 
ticular reference  to  the  calibration  of  thermo-couples.  In  the 
course  of  this  work  the  admirable  pyrometric  qualities  of  the  plat- 
inum iridium  alloy  were  exhibited  by  detailed  and  direct  compari- 
sons with  the  air  thermometer.  It  was  shown  that  the  calibration 
could  be  made  permanent  by  referring  the  thermo-electromotive 
forces  to  a  Clark's  cell ;  that  the  character  of  their  variation  with 
temperature  is  uniformly  regular  and  that  the  thermal  sensitive- 
ness of  the  couples  increases  as  the  higher  degrees  of  red  and 
white  heat  are  approached.  Finally  it  was  pointed  out  that  couples 
destroyed  by  silicate  corrosion  or  in  similar  ways  could  be  restored 
by  fusing  over  again  on  the  lime  hearth  with  merely  negligible 
changes  of  constants.  Elsewhere,  Le  Chatelier's  clever  combina- 
tion of  the  platinum  rhodium  couple  with  the  D'Arsonval  galvan- 
ometer, then  a  comparatively  new  instrument  in  the  laboratory, 
secured  immediate  favor.  Professor  Roberts-Austin,  ever  on  the 
watch  to  waft  good  thmgs  across  the  channel  from  Gaul  into 
Albion,  hailed  the  new  comer  with  no  uncertain  sound.     Sometime 
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after,  the  platinam-rhodiiun  couple  entered  Germany  and  was  there 
definitely  calibrated  (1892)  for  the  first  time  as  already  stated,  at 
the  Reichsanstalt. 

Of  the  three  available  couples,  palladium,  platinum-rhodium 
and  platinum-iridium,  the  former  is  excluded  from  competition  by 
reason  of  its  low  fusibility.  Between  platinum-iridium  and  plati- 
num-rhodium, the  latter  has  been  more  extensively  advertised  but 
is  otherwise  inferior  to  the  older  platinum-iridium  alloy.  In  other 
words  platinum-iridium,  when  suitably  alloyed,  can  be  made  more 
sensitive  than  platinum-rhodium  in  the  ratio  100  to  76.  Beyond 
this  the  alloys  are  much  alike ;  both  are  tenacious,  resilient,  re- 
fractory metals  and  their  thermo-electric  forces  under  like  condi- 
tions of  temperature  show  a  constant  ratio  even  at  extreme  white 
heats.  The  thermo-electric  activity  of  these  two  alloys  is  exceed- 
ingly remarkable.  Among  over  fifty  different  platinum  alloys  ex- 
amined no  similarly  sensitive  combinations  were  found.  Moreover, 
whereas  platinum  alloys  of  extremely  lai^e  electrical  resistance 
are  not  unusual,  such  metals  are  not  apt  to  be  distinguished  ther- 
mo-electrically. 

To  conclude :  the  small  dimensions  of  the  sensitive  point  of  the 
thermo-couple,  the  independence  of  the  intermediate  temperatures 
between  the  junctions  (apart  from  small  corrections  due  to  the 
Thomson  effect)  and  therefore  the  removal  of  the  terminal  difiS- 
culty,  the  high  upper  limit  of  the  measurable  temperatures,  the 
permanence  of  its  constants  in  relation  to  Clark's  cell  in  the  lapse 
of  time,  the  instantaneity  of  its  indications,  the  easy  reproduction 
of  destroyed  couples,  their  relative  insensitiveness  to  furnace 
gases,  the  regular  and  simple  character  of  the  temperature  func- 
tion, the  sustaiiled  sensitiveness  throughout  all  temperature  ranges 
even  quite  into  the  fusion  of  platinum  —  all  these  facts  are  a  suf- 
ficient if  not  overwhelming  recommendation  of  the  method. 

In  speaking  of  long  range  temperature  variables,  one  is  hardly 
permitted  to  overlook  the  remarkable  work  which  has  recently  been 
done  in  the  direction  of  low  temperature :  but  with  these  subjects 
I  am  less  familiar  and  can  therefore  only  refer  to  in  passing.  The 
progress  made  in  the  subject  is  sufficiently  evidenced  by  the  growth 
of  large  low  temperature  laboratories  throughout  the  world,  labo- 
ratories which  undertake  ^'the  cold  storage"  of  ^^cold  storage"  as 
it  were,  like  those  of  Pictet  in  Berlin  and  Paris,  of  Dewar  in  Lon- 
don, of  Kamerlingh  Onnes  in  Leyden,  of  Olezewski  in  Krakau,  and 
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Others.  Dewar  and  Fleming  have  added  to  our  knowledge  of  the 
probable  constitution  of  bodies  at  the  absolute  temperature. 
Olezewski  has  found  the  critical  temperature  of  hydrogen  at  — 
230°  and  its  atmospheric  boiling  point  at  —  248°.  Dewar  and 
Moisson  have  liquefied  fluorine.  There  is  much  here  which  I  must 
reluctantly  forego.  The  hydrogen  thermometer,  the  platinum  bal- 
ance (Callendar)  and  the  thermo-couple  are  again  doing  excellent 
work  in  thermometry. 

APPLICATIONS   OF   PTROMETRT. 

Turning  now  to  the  applications  of  recent  pyrometry,  we  meet 
first  many  series  of  valuable  data  on  melting  points  and  similarly 
valuable  data  on  the  dissociation  temperatures  of  chemical  com- 
pounds. To  these  I  merely  refer  not  being  qualified  to  enter  into 
chemical  interpretations.  High  temperature  boiling  points  have 
also  been  treated  and  I  will  especially  consider  the  case  of  the  va- 
riation of  metallic  ebullition  with  pressure.  The  relation  of  vapor 
pressure  to  temperature  has  thus  far  defied  the  counsels  of  the  wise 
even  though  such  men  as  Bertrand  and  Dupr6  have  given  the  mat- 
ter close  scrutiny.  One  would  suspect  the  simplest  relation  to  hold 
for  metallic  boiling  points,  and  investigations  have  therefore  been 
undertaken  in  which  the  temperature  of  ebullition  of  Hg,  Cd,  Zn, 
Bi,  were  studied  for  pressures  decreasing  from  one  atmosphere 
down  indefinitely. 

The  results  so  obtained  show  an  effect  of  pressure  regularly 
more  marked  as  the  normal  boiling  point  is  higher  so  that  the 
attempt  to  express  the  phenomenon  for  all  these  bodies  by  a  com- 
mon equation  is  roughly  successful.  By  far  the  most  rapid  re- 
duction of  boiling  point  occurs  when  the  pressure  decreases  from 
y\)  atmosphere  indefinitely.  For  the  case  in  which  the  normal 
boiling  point  is  to  be  predicted  from  a  low  pressure  value  in  case 
of  a  metal  which,  like  bismuth,  boils  with  great  difi^culty,  very  high 
exhaustion  is  essential. 

Igneous  fusion,  by  which  I  mean  the  fusion  of  rock-forming 
magmas,  is  particularly  interesting  in  its  relation  to  pressure.  This 
has  been  again  recently  pointed  out  by  Clarence  King  in  his  dis- 
cussion of  the  age  of  the  earth.  If  the  earth  is  solid  within,  as  is 
now  generally  admitted,  such  solidity  can  only  result  from  super- 
incumbent pressure  withholding  fusion.  To  study  the  relation  of 
melting  point  to  pressure  directly  is  out  of  the  question  when  white 
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heat  is  the  condition  of  fusion.  In  this  respect  the  laboratory  in 
the  interior  of  the  sun  or  even  of  the  planets  has  some  salient  ad- 
vantages ;  but  we  oannot  comfortably  put  such  a  laboratory  under 
strict  surveillance  of  protoplasm. 

Fortunately  the  Clapeyron  equation,  successively  improved  by 
James  Thomson  and  by  Claushis,  is  here  usefully  available.  To 
measure  the  melting  point,  the  difference  of  specific  volumes  of  the 
solid  and  the  liquid  body  and  the  latent  heat  of  fusion  at  this  tem- 
perature, with  the  aid  of  Joule's  equivalent  is  to  measure  also  the 
relation  of  melting  point  to  pressure  implicitly.  Based  on  the  first 
and  second  laws  of  thermodynamics,  this  equation  is  generally 
true,  no  matter  what  specific  properties  may  characterize  the  body. 
The  process  has  thus  far  been  completely  pushed  through  for  dia- 
base only.  Thermal  change  of  volume  may  be  measured  by  en- 
closing the  rock  in  a  platinum  tube  of  known  expansion,  and  the 
contraction  of  the  contents  from  liquid  to  solid  found  by  an  elec- 
tric micrometer  probe  reaching  within  the  tube.  Given  a  furnace 
fully  under  control,  then  as  experiment  has  shown,  the  cooling  can 
be  made  to  take  place  so  slowly  that  platinum  remains  rigid  rela- 
tively to  its  charge  of  red-hot  magma,  and  under  these  conditions 
the  contraction  can  actually  be  followed  into  the  solid  state.  At 
the  same  time  the  temperature  at  which  marked  change  of  volume 
occurs  is  the  melting  point.  Apart  from  difficulties  of  manipula- 
tion the  latent  heat  may  be  found  from  measurement  of  thermal 
capacity  on  either  side  of  the  temperature  of  fusion,  by  a  modifi- 
cation of  known  methods. 

The  rate  at  which  fusion  is  retarded  by  pressure  computed  from 
these  data  in  the  manner  specified  showed  an  increase  of  the  melt- 
ing point  of  a  silicate  of  about  0.025°C.  per  superincumbent  at- 
mosphere. But  this  datum  falls  within  the  margin  (.02  .  .  .  .04) 
of  corresponding  data  much  more  easily  and  directly  derived  for 
organic  bodies.  One  may  therefore  argue  that  if  the  melting  point 
pressure  rate  is  so  nearly  constant  on  passing  from  the  class  of 
silicious  to  the  thoroughly  different  and  much  more  compressible 
class  of  organic  bodies,  the  rate  would  probably  be  more  nearly 
constant  in  the  same  body  (silicious  or  organic)  changed  only  as 
to  temperature  and  pressure.  This  surmise  was  verified  for  naph- 
thalene within  an  interval  of  2000  atmospheres. 

The  endeavor  to  interpret  the  change  during  fusion  of  the  volume 
of  the  chemical  elements  in  terms  of  the  periodic  system  has  been 
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begun  with  much  success  by  Max  Topler  for  low  temperatures.  It 
would  be  of  great  interest  to  complete  this  diagram  for  high  tem- 
peratures in  view  of  the  specifically  molecular  character  of  the 
fusion  phenomenon,  by  repeating  such  experiments  as  have  just 
been  described  for  rock  magmas. 

The  heat  conduction  of  rocks  has  been  investigated  in  many 
cases  for  temperatures  lying  below  red  heat.  Among  recent  ob- 
servers we  need  only  instance  the  extensive  investigations  of  Ayr- 
ton  and  Perry.  No  trustworthy  experiments,  however,  have  yet 
been  carried  into  the  region  of  essentially  high  temperature ;  and 
yet  what  is  chiefly  of  interest  in  the  geological  applications  of  such 
experiments  is  the  change  of  conduction  which  accompanies  changes 
of  physical  state,  whether  induced  by  pressure  or  by  temperature. 

Experiments  in  heat  conduction  are  diflScult  under  any  circum- 
stances. They  become  insuperably  so  when  conduction  at  white 
heat  is  to  be  studied  under  pressure,  and  that  is  what  the  geological 
conditions  actually  imply.  Some  notion  of  a  body  respectively 
solid  and  liquid  at  a  given  temperature  may  be  obtained  by  observ- 
ing the  behavior  of  bodies  which  are  capable  of  being  undercooled. 
A  number  of  such  bodies  are  known,  thymol  being  a  conspicuous 
example.  Experiments  with  this  body  were  made  by  measuring 
the  volume  expansion,  specific  heat,  and  heat  conduction  in  parallel 
series  both  for  the  solid  and  liquid  state  at  like  temperatures.  They 
showed,  for  instance,  that  the  increment  of  absolute  heat  conduc- 
tion, encountered  in  passing  isothermally  from  the  solid  to  the 
liquid  state,  when  referred  to  solid  conductivity  is  about  18^,  and 
when  referred  to  a  liquid  conductivity  is  about  15^.  Similarly 
the  change  of  thermometric  conductivity  under  like  conditions  is  an 
increment  of  86%  and  56%  respectively.  •  Now,  since  in  most 
questions  relating  to  thermal  flow,  thermometric  conduction  enters 
exclusively,  the  importance  of  this  large  coeflScient  is  obvious 
whenever  a  body  passes  from  the  solid  to  the  liquid  state. 

Solid  conduction  is  thus  40  or  50%  in  excess  of  liquid  conduc- 
tivity for  the  same  body  at  the  same  temperature  and  pressure. 
It  is  reasonable  to  infer  that  a  corresponding  decrement  of  conduc- 
tion will  accompany  any  rise  of  temperature  of  a  solid  body.  Meas- 
urements which  have  somewhat  recently  been  made  for  relatively 
small  intervals  at  Zurich,  at  Glasgow  and  at  Harvard  upon  typical 
rocks,  all  bear  out  this  surmise.  The  immediate  incentive  to  these 
experiments  was  a  strong  paper  by  Professor  Perry  in  which  Lord 
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Kelvin's  estiinate  of  the  age  of  the  earth  k  shown  to  be  insufficient 
for  an  earth  in  which  the  interior  condnctivity  is  systematically 
greater  than  the  sarface  conductivity.  Indeed  he  deduces  the  per* 
centage  increment  of  the  square  root  of  the  age  of  a  Perry  earth 
over  that  of  a  Kelvin  earth  to  be  one-fifth  of  the  percentage  decre- 
ment of  conduction  for  each  100°  C.  So  far  as  the  effect  of 
terrestrial  temperature  alone  is  concerned  the  measurements  just 
mentioned  show  that  Perry's  correction  is  negative  or  that  Perry's 
earth  would  be  less  long  lived  than  the  100  x  10^  limit  of  years  set 
by  Lord  Kelvin. ^ 

To  estimate  the  effect  on  heat  conduction  of  the  increase  of 
pressure  which  accompanies  the  increase  of  temperature  with  the 
depth  below  the  surface  is  a  much  more  serious  matter.  In  the 
laboratory,  pressure  experiments  are  limited  to  8,000  or  4,000  at- 
mospheres ;  compared  with  earth  pressures  these  scarcely  amount 
to  a  scratch  on  the  surface ;  yet  even  for  this  limit  the  determina- 
tion of  heat  conduction  at  high  temperatures  is  out  of  the  ques- 
tion. A  tentative  method  of  arriving  at  a  conclusion  is  given  by 
Clarence  King  in  his  discussion  of  the  age  of  the  earth,  the  con- 
sequences of  which  have  been  quite  overlooked.  What  King  en- 
deavored to  accentuate  long  before  Perry's  contribution  to  the 
subject  was  precisely  the  fact  we  cannot  assume  greater  conduc- 
tivity for  the  interior  than  for  the  surface.  Since  heat  conduction 
decreases  isothermally  from  solid  to  liquid,  it  was  assumed  that  in 
one  and  the  same  substance,  the  viscosity  could  be  taken  as  an  in- 
dex of  the  thermal  conduction.  Therefore  if  temperature  and  pres- 
sure were  made  to  vary  in  such  a  way  (both  increasing) ,  as  to  leave 
viscosity  constant,  it  was  inferred  that  heat  conduction  would  also 
remain  constant.  Now  the  isometrics  or  lines  of  constant  viscosity 
of  a  viscous  body  for  variable  pressure  and  temperature  are  much 
more  easily  found  than  the  isometrics  of  conduction.  In  fact,  it 
has  been  shown  that  a  burden  of  at  least  200  atmospheres  would 
have  to  be  brought  to  bear  in  order  to  wipe  out  the  decreased  vis- 
cosity due  to  the  rise  of  a  single  degree  (Centigrade)  of  tempera- 
ture. The  depth  at  which  this  ratio  is  reached,  as  King  points  out, 
for  a  given  surface  gradient  of  temperature  and  depth,  depends  on 
the  initial  excess  of  the  temperature  of  the  earth  considered,  and 
on  the  age  of  the  temperature  distribution  resulting.      But  no 

iThe  text  of  KelTln's  recent  address  at  the  Victoria  InstltutOp  in  wliich  an  age  of 
tlilrty  million  jean  is  maintained,  has  not  yet  reached  me. 
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matter  whether  the  Kelyin  earth  with  an  initial  excess  of  8,900^  and 
an  age  of  100  x  10<^  years,  or  whether  King's  solid  earth  with  an 
initial  temperature  of  fused  platinum  and  25  x  10<^  years  of  life  he 
taken, — in  all  cases  the  temperature  effect  predominates  through- 
out those  depths  within  which  change  of  temperature  with  depth  is 
the  marked  feature  of  the  temperature  distribution .  In  other  words, 
if  for  example  we  consider  the  Kelvin  earth,  the  strata  above  .035 
of  earth  radius  will  be  strata  of  smaller  conduction  than  the  surface 
strata.  From  the  surface  downward  as  far  as  .035  radius,  con- 
duction will  decrease  to  a  minimum.  Below  this,  conduction  will 
increase  again  due  to  preponderating  pressure,  finally  to  exceed 
the  surface  value.  But  the  computed  temperature  distribution  of 
Kelvin's  earth  is  such  that  at  .035  radius  the  initial  temperature 
excess  of  3,900°  has  been  reached  to  within  one  or  two  per  cent. 
Below  this  in  depth,  Perry's  correction  would  begin  to  apply,  but 
the  further  changes  of  temperature  are  so  nearly  negligible  that 
the  consideration  of  conduction  is  superfluous.  From  this  point  of 
view,  therefore,  the  staggering  force  of  Perry's  clever  argument  is 
removed.  Of  course,  I  am  fully  aware  that  an  argument  from  the 
supposed  parallelism  of  physical  properties  of  a  given  body  (in  the 
present  case  heat  conduction  and  viscosity)  is  not  inevitably  con- 
vincing ;  but  in  physical  geology,  for  some  time  to  come  I  dare  say, 
the  question  will  be  not  one  of  rigorous  proof  but  rather  one  of 
forming  a  rational  opinion. 

In  passing  I  will  indicate  the  importance  of  an  increased  knowl- 
edge of  the  isometrics  of  liquid  and  solid  matter,  relations  which 
have  thus  far  been  found  simpler  in  character  than  other  thermo- 
dynamic properties,  as  I  shall  again  point  out  in  the  course  of  the 
address. 

I  want  finally  to  add  a  few  words  on  the  electro-chemistry  of  mag- 
mas. The  physical  chemistry  of  molten  rock  has  already  been  some- 
what extensively  considered,  but  I  am  hardly  competent  to  review 
it.  In  this  country,  Joseph  Iddings  and,  more  recently,  George  F. 
Becker  have  discussed  the  natural  differentiation  of  magmas  from 
different  points  of  view.  Here  I  will  merely  include  certain  pyro- 
metric  experiments  on  the  electric  conduction  of  fused  glasses 
which  seem  to  give  promise  of  throwing  light  on  the  chemical  con- 
stitution of  complex  silicates  and  to  be  suggestive  in  other  ways. 
In  such  measurements,  if  the  magma  is  made  to  pass  from  the 
solid  to  the  liquid  state,  the  observed  electric  conduction  contains 


ADDRESS  BY  CARL  BARUS.  81 

no  evidence  either  of  a  melting  point  or  of  polymerism.  The  law 
of  thermal  variation  is  easily  derived  and  it  agrees  closely  with  the 
corresponding  behavior  of  a  zinc  sulphate  solution  for  instance, 
observed  through  a  range  of  temperature.  In  a  general  way, 
electric  resistance  decreases  in  geometric  progression  when  tem- 
perature increases  in  arithmetrical  progression.  Considered  rela- 
tively to  the  composition  of  the  magmas,  electric  conduction  shows 
a  marked  and  regular  increase  with  the  degree  of  acidity  of  the 
magmas.  The  acid  magmas  are  better  conductors  than  the  basic 
magmas  at  the  same  temperature.  Curiously  enough  conduction 
thus  runs  in  an  opposite  direction  to  fusibility.  However  vis- 
cous a  magma  may  be,  therefore,  and  however  cogent  the  argu- 
ments such  as  those  launched  by  Becker  against  the  differentiating 
importance  of  ordinary  diflfusion  may  prove,  it  is  fair  to  conclude 
that  a  thorough  change  of  chemical  structure  through  iojiic  diffu- 
sion, whether  directed  by  an  electric  field  or  otherwise,  must  be  an 
easy  possibility  for  a  sufficiently  hot,  but  otherwise  solid  magma. 
The  results  point  specifically  to  the  desirability  of  repeating  H it- 
tor  f's  brilliant  experiments  on  the  migration  of  the  ions  for  a  si- 
licioQS  medium.  This  ou&:ht  not  to  be  difficult,  seeing  that  such  a 
menstruum  need  not  even  be  liquid  to  be  compatible  with  a  high 
order  of  electric  conduction. 

Farther  consideration  of  the  subject  shows  the  probable  passage 
of  conduction  through  a  maximum  when  acidity  is  continually  in- 
creased. Finally  quartz  appears  like  an  insulator  in  the  same  r61e 
as  water  in  ordinary  aqueous  solutions.  In  all  these  cases  I  wish 
to  keep  in  mind  the  results  of  Alexeeff  and  their  recent  repetition 
for  metallic  alloys,  together  with  the  interpretation  of  these  results 
due  to  Masson.  In  a  crust  subject  to  variable  magnetism,  traversed 
by  earth  currents,  sustained  by  semi-metallic  carbides  of  the  Men- 
deleeff-Moisson  type,  containing  piezo-electric  and  thermo-electric 
sources,  who  can  say  that  electric  fields  are  absent.  Again  the 
character  of  the  changes  contemplated  in  Gibbs'  famous  ''phase 
rule"  as  interpreted  by  Le  Chatelier,  would  here  be  ionic  rather  than 
molecular. 

A  question  of  somewhat  allied  interest  is  the  action  of  hot  water 
under  pressure  on  rock-forming  silicates.  Investigations  of  this 
kind  have  been  described  in  the  well-known  and  fascinating  book 
of  Daubr^e.  Daubr6e*s  work,  however,  is  qualitative  in  character 
like  that  of  many  others  in  the  same  line,  and  the  furtherance 
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of  the  subject  is  to  be  looked  for  in  the  quantitative  direction. 
Some  time  ago,  Becker  suggested  experiments  on  a  huge  mass  of 
granulated  rock  under  the  action  of  steam  at  exceptionally  con- 
stant temperature.  But  no  thermal  effect  of  the  action  of  water 
could  be  detected.  True,  the  boiling  point  or  water  is  a  tem- 
perature relatively  low  for  the  purpose ;  yet  similar  experiments 
made  with  liquid  water  at  over  200°  under  pressure  were  equally 
negative  as  to  results.  Experiments  of  this  kind  are  not  very 
conclusive.  The  insufficient  sensitiveness  of  the  measuring  ap- 
paratus, the  rate  at  which  heat  is  carried  off  compai'ed  with  the 
rate  of  generation,  and  other  obscure  causes  mar  the  results. 
The  question,  may,  however,  be  approached  in  a  somewhat  differ- 
ent way :  If  water  is  heated  under  pressure  in  glass  tubes,  the 
volume  of  water  contained  decreases  as  tlie  square,  whereas  the 
chemically  active  area,  i.  e.,  the  inside  surface  of  the  tube,  de- 
creases as  the  first  power  of  the  diameter.  Hence,  in  proportion 
as  the  tube  is  more  capillary,  the  action  of  water  on  the  glass  will 
produce  accentuated  volume  effects.  Thus  it  was  shown  that  the 
behavior  of  hot  water  is  profoundly  modified  by  its  continued  ac- 
tion on  glass,  inasmuch  as  its  compressibility  increases  at  a  very 
rapid  rate  with  the  time  of  action  even  at  180'',  until,  with  the 
approach  of  solidification,  the  observed  compressibility  is  fully 
three  times  its  isothermal  value  at  the  inception  of  the  experiment. 
Kven  more  striking  is  the  simultaneous  and  continual  decrease  of 
the  length  of  the  column  of  water.  Clearly,  therefore,  the  confined 
volumes  of  glass  and  included  water  must  undergo  contraction 
at  180°  in  forming  an  eventually  solid  aqueous  silicate,  while  in- 
creasing compressibility  is  due  to  the  increasing  quantity  of  silicate 
dissolved.  Now,  in  nearly  all  cases  the  effect  of  solution  is  a  de- 
crease of  compressibility.  Hence  the  increased  compressibility 
observed  is  to  be  referred  to  a  precipitation  of  the  dissolved  sili- 
cate, in  response  to  the  action  of  pressure,  a  result  borne  out  by 
the  appearance  of  the  tube  and  by  varied  correlative  experiments. 
It  is,  however,  the  volume  contraction  which  is  particularly  inter- 
estinir,  because  of  its  far-reachini<  geological  application.  In  the 
first  place,  the  measurements  show  that  about  .025  cubic  cm.  of 
liquid  water  is  absorbed  per  square  centimeter  of  glass  surface  at 
180°  C.  per  hour.^  The  effect  of  this  absorption  is  a  contraction  of 
bulk  amounting  to  18%  per  hour.    So  large  and  rapid  a  contraction 

1  This  is  an  Initial  rate  of  about  180  kilograms  per  square  meter  per  year. 
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is  presumably  accompanied  by  the  evolution  of  heat.  Hence, 
under  conditions  given  within  the  first  five  miles  of  the  earth's 
crust,  i.  e,y  if  water  at  a  temperature  above  200°  and  under  suffi- 
cient pressure  to  keep  it  liquid  be  so  circumstanced  that  the  heat 
produced  cannot  easily  escape,  the  arrangement  in  question  is  vir- 
tually a  furnace  whose  efficiency  accelerates  with  rise  of  tempera- 
ture. 

PIKZOMKTRT. 

It  is  not  feasible  to  make  much  progress  in  pyrometry  without 
feeling  the  need  of  a  corresponding  development  in  high  pressure 
measurement.  This  has  already  appeared  in  the  preceding  parts 
of  my  address.  It  will  not  be  expedient  to  look  into  the  history 
of  the  subject  so  comprehensively  as  I  did  in  the  case  of  pyrome- 
try partly  because  the  literature  is  more  diffuse  and  partly  because 
the  renl  development  of  piezometry  is  of  recent  date  and  virtually 
begins  with  pressures  6f  the  order  of  several  thousand  atmos- 
pheres. So  understood,  although  we  gladly  pay  homage  to  Oer- 
sted, to  Regnault,  to  Grassi  and  many  others,  our  historical 
summary  may  be  abridged. 

As  is  often  the  case  in  physics,  the  great  advances  in  the  sub- 
ject are  associated  with  the  name  of  one  man ;  for  though  many 
able  investigatore  have  contributed  effectively  to  the  progress  of 
piezometi'y,  the  overshadowing  importance  of  the  results  of 
Amagat  have  superseded  all  researches  coextensive  with  his  own. 
For  over  twenty  years  Amagat  has  been  laboring  on  this  definitely 
circumscribed  subject.  Year  after  year  his  prolific  experimental 
ingenuity  has  put  forth  results,  each  of  which  in  its  turn  consti- 
tuted the  highest  attainment  in  accuracy  and  the  greatest  breadth 
of  scope  which  high  pressure  measurement  had  reached  at  the 
time.  It  is  impossible  to  give  any  adequate  view  of  this  sustained 
labor  in  an  address.  The  subject  is  highly  specialized  and  de- 
mands special  treatment ;  but  we  owe  to  Amagat  the  bulk  of  our 
knowledge  of  the  properties  of  a  gas  regarded  not  as  an  ideal 
fluid,  but  as  a  physical  body ;  some  of  the  most  far-reaching  re- 
sults in  thermo-dynamics  of  liquids  and  some  of  the  best  data  in 
the  elastics  of  solids. 

Amagat  investigated  gases  within  an  interval  of  pressure  which  at 
times  reached  4000  atmospheres  with  a  view  to  interpreting  their 
divergence  from  the  laws  of  ideal  gaseity.     Indeed  we  may  note  in 
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passing  that  just  as  the  advanced  astronomy  of  the  day  is  being 
enriched  with  unexpected  discoveries  from  a  discussion  of  mere 
errors  of  observation,  so  refined  physical  measurement  gleans  new 
harvests  in  carefully  tracing  out  the  all  but  rigorous  sufficiency 
of  established  laws.  The  product  of  pressure  and  volume,  nearly 
constant  in  the  ordinary  isothermal  behavior  of  gas,  shows,  under 
higher  pressures,  a  well  marked  passage  through  a  minimum  in  the 
case  of  all  gases  except  hydrogen.  Hence  below  a  certain  definite 
pressure,  varying  with  the  character  of  the  body  (say  40  atm.), 
gases  are  more  compressible  than  Boyle's  law  asserts,  and  above 
this  pressure  they  are  continually  less  compressible  and  begin  to 
resemble  hydrogen  in  this  respect.  The  sharpness  of  the  minimum 
diminishes  as  temperature  increases  and  probably  ulti  nately  van- 
ishes. Cailletet,  it  is  true,  had  undertaken  a  study  of  the  same 
subject  simultaneously,  but  bis  results  were  not  in  the  same  degree 
correct.  Again,  the  coefficient  of  expansion  of  gases  considered  in 
its  isopiesiic  behavior  (or  temperatures  not  too  far  above  the  crit- 
ical  point,  increases  with  pressure  to  a  maximum,  which  seems  to 
occur  at  the  same  pressure  for  which  the  volume-pressure  product 
is  a  minimum.  This  thermal  maximum  also  decreases  with  tem- 
perature and  finally  vanishes.  To  specify  the  conditions  further 
than  this  would  be  to  exceed  the  limits  beyond  which  verbal  state- 
ment ceases  to  be  lucid.  The  value  of  Amagat's  work,  however 
is  not  merely  the  formulation  of  such  general  laws  for  gases  as  a 
whole,  but  rather  the  investigation  of  shsirp  and  specific  results  for 
each  gas  individually.  Thus  if  one  uses  these  data  for  a  given 
gas  to  compute  the  constants  in  Van  der  Waal's  law,  one  is  actually 
able  to  predict  remote  critical  conditions  of  the  gas  in  question  with 
a  fair  order  of  accuracy. 

Whenever  pressure  measurements  are  to  be  made  through  such 
large  intervals  as  are  heie  in  question,  the  elastic  constants  of 
the  apparatus  become  of  increasing  moment.  Araagat,  however, 
treated  these  incidental  measurements  as  of  like  importance  with 
the  rest  of  his  labors.  The  starting  point  of  his  investigation  into 
high  pressures  was  the  open  mercui-y  manometer  first  erected  along 
a  staircase  near  Lyons,  finally  in  the  shaft  of  the  St.  Etienne  mine, 
about  380  meters  deep.  This  apparatus  was  used  for  graduating 
the  closed  manometer,  preferably  containing  nitrogen.  In  later 
experiments  for  excessively  high  pressures,  the  closed  manometer 
was  replaced   by  the   '^  manometre  a  pistons  libres,"  a  sort  of 
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inverted  Bramah  press,  in  which  the  small  pressures  of  an  open  mer- 
cury manometer  acting  on  a  large  piston  compensate  the  relatively 
lar<£e  pressures  of  the  piezometer  acting  on  a  small  piston  The 
ingenious  feature  of  Amagat's  apparatus  is  the  rotation  of  both 
pistons  just  before  measurement,  a  device  by  which  friction  is  ren- 
dered harmless.  P>)uipped  with  this  instrument  direct  determina- 
tion of  the  bulk  modulus  for  glass  and  metals  was  actually  feasible. 
In  the  ease  of  glass  no  serious  variation  of  the  compressibility  could 
be  ascertained  within  2000  atmospheres  and  even  200°,  an  obser- 
vation of  great  value  in  practical  research.  Poisson's  ratio  was 
similarly  determined  and  the  data  used  in  computing  Young's  mod- 
ulus. But  the  most  important  result  of  tliese  researches,  a  result 
to  which  Professor  Tait  also  contributed,  is  the  datum  found  for 
the  ab-olute  compressibility  of  mercury.  This  will  enable  all  future 
observers  in  piezometry  to  standardize  their  apparatus  with  ease 
and  nicety. 

Time  prevents  me  from  dwelling  upon  the  remaining  investi- 
gations of  Amagat  in  a  measure  commensurate  with  their  value. 
These  contain  a  counterpart  for  the  liquid  state  of  the  results  al- 
ready announced  for  gases.  The  change  of  volume  throughout 
enormous  pressures  and  about  200°  of  temperature  is  considered 
in  detail  for  a  number  of  important  liquids.  Only  in  one  case,  and 
that  the  rather  remarkable  one  of  carbon  tetrachloride,  are  evi- 
dences of  solidification  encountered,  and  the  conditions  determined. 
Amagat  believes  the  absence  of  solidification  to  be  due  to  the  oc- 
currence of  the  lower  critical  temperature  below  the  isothermal  of 
compression.  In  my  own  judgment,  however,  the  pressures  neces- 
sary to  reach  this  lower  critical  point  will  be  enormous  even  in 
units  of  1000  atmospheres,  for  which  reason  it  is  not  in  any  case 
liable  to  be  an  easy  conquest. 

Special  mention  finally  is  due  to  the  thermal  position  of  the  max- 
imum density  of  water,  which  Tait  had  already  studied.  Amagat 
shows  definitely  that  the  temperature  of  maximum  density  moves 
towards  the  fi*eezing  point  with  increasing  pressure  so  that  at  high 
pressures,  as  well  as  at  high  temperatures,  the  behavior  of  water 
loses  its  anomalous  character.  In  general,  compressibility  and 
expansion  decrease  with  pressure  for  all  normal  liquids,  and  expan- 
sion increases  rapidly  with  temperature.  Other  anomalous  prop- 
erties of  water  have  been  investigated  among  which  the  diminished 
viscosity  of  water  under  pressure  at  ordinary  temperature  studied 
hy  Rontgen,  Ck>hen  and  others,  may  be  stated. 
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After  this  cursory  and  wholly  inadequate  mention  of  the  work 
of  Amagat  and  the  physicists  who,  like  Tait,  CaiUetet  and  others, 
have  been  engaged  in  closely  allied  researches,  it  will  repay  us  to 
look  at  some  of  the  other  as  yet  less  splendidly  developed  con- 
tributions to  piezometry.  At  the  outset  it  is  well  to  make  mention 
of  the  forms  of  pressure  gauges  which  have  come  into  use.  As  far 
as  1000  atmospheres,  the  Bourdon  gauge,  if  well  constructed,  does 
good  service,  though  in  a  somewhat  rough  way.  The  corrected  ni- 
trogen closed  manometer  is  more  accurate  for  a  smaller  range.  A 
theoretically  simpler  pressure  gauge  was  proposed  by  Tait  and 
CaiUetet.  In  this  case  a  straight  cylindrical  elastic  tube  under  in- 
ternal or  external  pressure  is  substituted  for  the  Bdurdon  tube  and 
the  expansion  or  compression  is  directly  measured.  With  due  pre- 
cautions against  changes  of  temperature  and  the  choice  of  a  solid 
of  constant  bulk  modulus  and  rigidity,  this  gauge  can  be  used  as 
far  as  about  2000  atmosi)heres  with  convenience. 

Above  2000  atmospheres,  Amagat's  Bramah  press  manometer 
already  mentioned  is  the  only  reliable  gauge,  and  though  somewhat 
cumbersome  has  the  advantage  of  giving  absolute  results.  How- 
ever, a  gauge  based  on  the  change  of  electric  resistance  of  mercury 
with  pressure,  a  constant  now  fairly  well  known  from  Palmer's 
measurements,  will  in  my  judgment  do  good  service  for  pressures 
which  exceed  even  the  range  of  the  manometer.  With  regard  to 
methods  for  producing  high  pressures,  the  force  pump,  with  a  small 
steel  plunger  and  the  screw  advancing  bodily  into  a  closed  barrel 
filled  with  a  liquid,  have  not  yet  been  superseded.  The  efficiency 
of  such  apparatus  depends  essentially  on  the  means  used  for  obvi- 
ating leakage.     These  must  of  course  be  very  perfect. 

Amagat's  work  with  liquids  was  extended  chiefly  in  the  direction 
of  high  pressures.  Experiment's  have  since  been  made  by  others 
throughout  higher  temperatures  (310° )  and  of  course  a  smaller  range 
of  pressures  (500  atm.).  Leaving  out  the  less  perspicuous  results, 
I  will  here  merely  allude  to  the  probable  existence  of  a  remarkable 
law  which  these  researches  have  developed.  Dupr6  (1869)  and 
afterwards  Levy  (1 878),  reasoning  from  thermo-dynamic  premises, 
were  the  first  to  suspect  thitt  the  isometrics  or  lines  of  equal  vol- 
ume of  liquids  are  straight.  In  other  words,  if  there  is  to  be  no 
change  of  volume  then  pressure  increments  must  vary  propor- 
tionately to  the  temperature  increments  {p  =z  a  H  —  6),  a  result 
which  implies  that  the  internal  pressure  of  a  body  kept  at  con- 
stant volume  is  proportional  to  its  temperature.     L6vy's  deduction 
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was  however  declared  to  be  theoretically  unwarrantable  by  Clau- 
sius,  Boltzmann  and  others.  Sometime  after,  the  same  law  reap- 
peared in  experimental  form  in  a  series  of  brilliant  researches  on 
critical  temperatures  dae  to  Ramsay  and  Yoang.  Fit  zgerald.  reason- 
in«;  from  Rams.iy  and  Young's  results,  then  proved  that  for  such 
liquids  as  possessed  straight  isometrics,  specific  heat  is  a  tempera- 
ture function  only  and  energy  and  entropy  are  each  expressible  as 
the  sum  of  a  mere  temperature  function  and  a  mere  volume  func- 
tion. This  is  curiously  like  the  position  from  which  Dupr6  and 
Levy  started.  Ramsay  and  Young*8  work,  however,  applied  spe- 
cifically to  vapore,  and  for  high  temperatures  (200°)  their  pressures 
did  not  exceed  60  atmospheres.  The  law  has  since  been  tested  for 
liquids  as  far  as  1 500  atmospheres  and  over  20u°  conjointly,  and 
found  in  reasonable  accordance  with  experiment.  Hence  we  infer 
that  if  the  thermodynamic  change  of  a  body  is  such  that  volume 
remains  constant,  pressure  and  temperature  will  vary  linearly  with 
each  other,  the  increments  being  about  0.  1**  C.  per  atmosphere. 
Now,  although  any  law  relating  to  the  liquid  state  would  be  wel- 
come, these  volume  isometrics  ore  particularly  so.  In  the  geology 
of  the  earth's  crust,  for  instance,  they  would  in  a  great  measure  de- 
termine the  conditions  of  possible  convection ;  and  it  is  curious  to 
note  that  from  the  known  values  of  bulk  modulus  and  of  the  ex- 
pansion of  solid  glass,  the  isometrics  would  here  again  be  given  by 
corresponding  increments  of  about  .l^per  atmosphere.  For  solid 
metals  the  isometrics  are  of  a  different  order. 

Another  line  of  research  for  liquids  to  which  I  attach  supreme 
importance  has  only  just  been  begun :  I  refer  to  the  systematic 
study  of  the  entropy  of  liquids.  Among  the  first  results  on  the 
heat  produced  in  suddenly  compressing  a  liquid  are  those  of  Tait. 
They  are  of  too  limited  a  range,  however,  and  not  in  good  accord 
with  the  more  recent  and  extended  data  of  Galopin.  Generally 
speaking,  the  change  of  temperature  produced  per  atmosphere  of 
compression  increases  with  temperature  in  a  marked  degree,  as 
one  may  infer  from  Kelvin's  equation.  For  organic  bodies  this  in- 
crement at  ordinary  temperatures  is  of  the  order  of  ^V°  =  020°  per 
atmosphere.  In  case  of  liquid  metals  the  order  of  values  is  decid- 
edly different,  being  about  ^\f  this  value,  recalling  correspondingly 
divergent  results  observed  for  the  isometrics  of  volume.  Quite 
recently  (1896),  the  same  subject  has  been  taken  up  by  Tammann 
(to  whom  we  also  owe  results  for  the  correlative  compressibility) 
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particularly  for  solutioos  and  with  reference  to  the  theory  of  solu- 
tions. TamQiann's  data  are  of  the  order  .001°  per  atmosphere  at 
0°,  and  in  better  keeping  with  the  thermo- dynamics  of  the  subject 
than  the  earlier  experiments.  Much  more,  however,  must  be  done 
before  anything  like  a  degree  of  critical  accuracy  is  approached  or 
a  broad  survey  taken.  Pressure  intervals  are  to  be  chosen  wider 
and  the  temperature  me.isurement  given  with  greater  certain tv. 

Finally,  1  wish  to  touch  upon  the  relations  of  melting  point  and 
pressure  in  their  more  recent  development.  Obviously  i  he  classical 
work  of  Andrews  on  the  continuous  passage  of  a  liquid  into  the 
gaseous  state  will  fiud  some  counterpart  in  the  manner  in  which 
the  analogous  passage  from  the  solid  into  the  liquid  state  takes 
place.  The  character  of  these  phenomena  may  be  shown  from 
direct  observations  of  melting  point  and  pressure  as  was  done  by 
the  earlier  observers.  Full  knowledge,  however,  can  be  oMained 
only  iiy  mapping  out  the  isothermals  throughout  the  region  of  fu- 
sion very  similarly  to  the  method  puraued  by  Andrews  himself  for 
vaporization.  This  has  thus  far  been  attempted  for  a  single  body 
only,  naphthalene,  within  K^O""  and  2,000  atmospheres.  Six  iso- 
therms (63^  83%  90%  100%  117%  130°)  were  traced  within  these  in- 
tervals along  each  of  which  excepting  the  firet,  the  body  passed 
from  the  liquid  to  the  solid  state  under  the  influence  of  pressure  only. 
An  exhibit  nf  these  data  shows  sti'ikingly  that  in  all  cases  the  change 
of  physical  state  takes  place  in  accordance  with. a  cyclic  law  ;  t.  e., 
a  larger  pressure  is  necessary  to  change  the  body  from  the  liquid 
to  the  solid  state  at  a  given  temperature,  than  the  pressure  at  which 
the  body  at  the  same  temperature  again  spontaneously  melts.  Freez- 
ing almost  always  seems  to  take  place  at  once ;  the  corresponding 
fusion  is  apt  to  be  prolonged,  and  in  its  gradual  occurrence  traces 
the  contours  of  James  Thomson's  well-known,  doubly  inflected 
isothermals  much  more  fully  than  does  the  allied  case  of  vaporiza- 
tion. 

The  appearance  of  the  cyclic  parts  of  these  isothermals  is  sug- 
gestive, and  may  be  described  in  terms  of  their  dimensions  in  the 
direction  of  volume  and  of  pressure  respectively.  The  former  di- 
mensions indicate  the  probable  fate  of  the  volume  increment.  They 
show  that  as  pressure  and  temperature  increase,  the  volume  incre- 
ment tends  more  and  more  fully  to  vanish  and  they  thus  imply  a 
lower  critical  temperature  at  which  the  solid  would  change  into  the 
liquid  continuously  as  far  as  volume  is  concerned.     It  does  not 
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follow  that  other  properties  of  the  body  would  here  also  vary  contin- 
uously. For  naphthalene  this  poiut  would  lie  in  a  region  of  several 
thousand  atmospheres,  and  several  hundred  degrees  Centigrade — 
therefore  in  a  region  too  remote  to  admit  of  actual  approach. 

Again,  the  breadth  of  the  cycles,  measured  along  the  pressure 
axis,  decreases  from  the  centre  of  the  field  both  in  the  direction  of 
increasing  and  decreasing  pressures.  The  tenor  of  these  results  is 
an  additional  indication  of  the  recurrence  of  a  lower  critical  tem- 
perature at  which  cycles  must  necessarily  vanish.  The  decrease  of 
the  breadth  of  the  cycles  in  the  direction  of  decreasing  pressures 
suggest  the  possible  occurrence  of  a  point  in  t  he  region  of  negative 
external  pressure,  so  circumstanced  that  beyond  it  the  substance 
would  solidify  at  a  lower  pressure  than  that  at  which  it  fuses.  This 
muy  be  interpreted  as  follows :  The  normal  type  of  fusion  changes 
continuously  into  the  ice-type  of  fusion  through  a  transitional  type 
characterized  by  the  absence  of  volume  lag. 

An  independent  discussion  more  searching  in  character  has  quite 
recently  been  given  by  Tammauu.  Tnmmann  points  out  that  for 
the  normal  case  of  fusion  and  for  increasing  pressure,  the  two  de- 
terminative factors  of  the  Clapeyron  equation— the  volumes  and 
latent  heat  of  fusion — will  not  in  general  simultaneously  become 
and  remain  zero.  He  argues  that  the  volume  constant  will  at  the 
outset  decrease  with  pressure  passing  through  zero  to  negative  val- 
ues, iience  the  cur\'e  representing  the  relation  of  melting  point  to 
pressure  must  initially  rise  to  a  maximum  when  the  melting  point 
pressure  ratio  is  zero^  and  then  decrease.  Contemporaneously  the 
latent  heut  of  fusion,  decreasing  continually  with  pressure,  eventual-  * 
ly  also  reaches  zero  but  at  a  much  later  stage  t  han  the  volume  con- 
stant. At  this  stage  therefore,  since  melting  point  and  the  volume 
constant  now  have  definite  values  (the  latter  negative),  the  melting 
point  and  pressure  ratio  is  negatively  infinite.  Hence  the  curve 
expressing  the  relation  of  melting  point  to  pressure  decreases  with 
increasing  pressure  from  the  maximum  specified  as  far  as  the  pres- 
sure at  which  latent  heat  is  zero,  and  there  drops  vertically  down- 
ward. Tiius  Tammann's  melting  point  pressure  curve,  with  its  initial 
and  final  ordinate  in  tlie  direction  of  temperature,  maps  out  a  field  of 
pressure  and  temperature,  within  which  the  body  is  solid.  Outside 
of  this  region  the  l>ody  is  liquid  and  cannot  by  pressure  alone  be 
conceivably  converted  into  the  solid  state.  Any  thermo-dynamic 
change  involving  a  march  through  the  boundary  of  this  region  is 
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accompanied  by  the  discontinuity  of  fusion,  of  viscosity,  etc.  A 
march  through  the  final  ordinate  (for  which  latent  heat  ih  zero)  is 
probably  not  accompanied  by  such  discontinuity.  For  a  given  tem- 
perature there  may  be  two  fusion  pressures.  At  a  temperature 
sufficiently  below  the  melting  point,  the  continued  increase  of  pres- 
sure should  thi*refore  move  the  normally  fusing  body  from  the 
solid  into  the  liquid  state  continuously.  This  is  a  somewhat  anoma- 
lous result  of  close  reasoning,  but  it  must  not  be  forgotten  that  in 
the  depth  of  our  ignorance  of  the  actual  occurrences  above  several 
thousand  atmospheres,  the  term  anomaly  is  a  misnomer.  Indeed, 
if  we  regard  the  melting  pressure  curve  beyond  the  stated  maxi- 
mum as  characterizing  the  ice  type  of  fusion  (which  Tammann 
does  not  do)  our  difficulties  would  in  a  measure  be  reconciled. 

Tammann  finally  points  out  that  the  term  lower  critical  tem- 
perature is  not  justified  by  the  character  of  the  phenomenon. 
Data  for  melting  point  and  pressure  due  to  Da  mien  seem  directly 
to  corroborate  the  occurrence  of  zero  values  in  the  ratio  of  melting 
point  and  pressure  increments,  but  Damien's  tests  are  restricted  to 
a  pressure  interval  much  too  small  to  be  trustworthy.  Of  the  two 
bodies  which  have  been  tested  throughout  long  pressure  intervals^ 
naphthalene  shows  a  linear  melting  point  and  pressure  ratio  for 
2000  atmospheres,  while  the  carbon  tetrachloride  of  Amagat, 
though  initially  concave  upward,  soon  also  becomes  linear.  Clar- 
ence King  has  therefore  In  geological  considerations  so  represented 
it.  To  conform  with  Tammann's  inferences  the  interior  of  the 
earth  would  have  to  be  a  fluid. 

One  point  of  issue «  however,  in  these  cases  is  ch'ar  :  At  Andrews' 
critical  temperature  both  the  difference  of  specific  volumes  and  the 
latent  heat  of  fusion  vanish  simultaneously  wherever  observed. 
Under  corresponding  conditions  of  change  from  liquid  to  solid, 
the  internal  pressures  are  of  tremendously  greater  value  for  both 
states,  and  the  passage  of  the  solid  into  the  liquid  molecule  may 
involve  an  immense  transfer  of  energy  without  any  corresponding 
change  of  volume :  for  the  density  of  the  molecule  itself  eludes 
observation.  The  manner  of  this  isothermal  change  from  one 
state  to  the  next  is  in  all  cases  along  the  characteristic  doubly  in- 
flected contour  first  pointed  out  by  Thomson  for  vapors,  and  since 
elaborated  by  Van  der  Waals,  Clausius  and  others.  We  may  for 
brevity  call  this  a  volume  lag  and  measure  it  in  terms  of  the  pres- 
sure or  the  volume  interval  subtended.     The  liquid  can  exist  even 


ADDKESS  BT  CARL  BARUS.  91 

above  the  critical  temperature,  winch  would  mean  that  even  here 
pressure  must  be  reduced  below  the  critical  pressure  in  order  to 
rupture  the  liquid  molecule. 

Pronounced  as  the.se  phenomena  are  for  the  change  from  gas  to 
liquid,  they  become  much  more  remarkable,  indeed  often  formidable 
for  the  change  from  liquid  to  solid.  In  this  case  a  volume  lag 
subtending  more  than  100  atmospheres  is  the  rule.  In  other  words, 
it  takes  a  much  greater  pressure  to  solidify  a  liquid  at  a  given  tem- 
perature than  to  liquefy  the  solid.  Among  all  these  cases  there  is 
a  group  of  well-known  bodies  in  which,  while  the  solidification 
pressure  is  of  marked  intensity,  the  isothermal  pressure  of  spon- 
taneous fusion  may  even  be  below  zero,  or  be  in  the  region  of 
negative  pressure.  Take  the  single  example  of  thymol  among 
many :  This  body  between  zero  Centigrade  and  its  melting  point 
at  53°,  can  be  kept  in  either  the  solid  or  the  liquid  state  at  plea- 
sure. Given  at  about  50°  in  the  liquid  state  it  would  require  more 
than  2000  atmospheres  to  solidify  it.  Once  solid  it  must  obviously 
remain  so  even  if  pressure  be  wholly  removed.  But  thymol  may  be 
similarly  treated  beginning  with  the  undercooled  liquid  state  at  28°, 
I.  e.,  25°  below  its  melting  point.  P>en  here  at  least  one  thousand 
atmospheres  are  needed  to  condense  it  (400  have  been  tried  quite 
ineffectually).  Once  solid  it  would  require  about  1000  atmospheres 
of  negative  external  pressure  again  to  melt  it.  In  other  words,  it 
could  not  be  melted  again  on  the  same  isothermal. 

If  we  but  knew  more  about  the  physical  constant!*  involved  in 
these  transformations,  we  could  predict  the  results  along  the  lines 
of  J.  W.  Gibbs's  splendid  theory  of  the  equilihrium  of  heteroge- 
neous mixtures :  but  with  the  dearth  of  our  concrete  knowledge  of 
long  range  physical  phenomena  ri'lating  to  liquids  and  solids,  we 
must  be  content  with  humblor  methods. 

I  have  always  regarded  the  significant  behavior  instanced  for 
the  case  of  thymol,  as  capable  of  a  broad  interpretation.  Profs. 
J.  J.  Thomson  and  Fitzgerald  abroad  and  £lihu  Thomson  in  this 
country  have  recently  sought  for  atomic  dissociation  in  the  elec- 
trolyzed  vacuum  of  a  Crookes'  tube.  Speaking  to  the  same  point, 
I  would  venture  to  assert  that  we  may  reasonably  look  to  the  vol- 
ume lag  for  a  rational  account  of  the  genesis  of  atoms.  We  have 
already  met  with  two  orders  of  volume  lag  :  the  first  at  the  mer- 
gence of  gas  into  liquid  being  usually  a  few  atmospheres  in  iso- 
thermal value ;  the  second  at  the  mergence  of  liquid  into  solid,  a 
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hundred  or  even  one  thousand  times  as  large  in  isothermal  value, 
and  characterized  by  the  fact  that,  whereas  freezing  pressures  may 
be  enormous,  the  corresponding  isothermal  melting  pressure  may 
even  be  markedly  negative. 

If  then  we  further  inquire  as  to  what  will  happen  if  we  indefi- 
nitely compress  the  solid  along  a  suitable  isothermal,  I  think  it  is 
logically  presumable  that,  with  the  succeeding  and  profoundly  ac- 
centuated volume  lag,  we  shall  reach  the  next  atom  in  a  scale  of 
increasing  atomic  weights. 

However  enormous  the  condensation  pressure  for  this  purpose 
may  be,  it  is  supposable,  in  the  light  of  the  examples  already  given 
that,  along  an  accessible  isothermal,  the  disintegrating  external 
pressure  of  the  new  atom  may  be  permanently  negative.  Hence 
the  new  atom  will  persist  within  the  pressure  and  temperature 
range  available  in  the  laboratory. 

But  the  last  stage  is  virtually  identical  with  the  first,  or  the  in- 
herent nature  of  these  changes  is  periodic.  The  inference  is  there- 
fore that,  under  suitable  thermal  conditions  and  continually  in- 
creasing pressure,  the  evolution  of  atoms,  of  molecules,  of  changes 
of  physical  state,  again  of  atoms  and  so  on  indefinitely,  are  suc- 
cessive stages  of  periodically  recurring  volume  lag. 


PAPERS  READ. 

[abstracts.] 

ThK  effect  of    HKAT  on    THK    elastic    limit    and    ultimate    8TRKNG1H 

OF  COPPER  wiKB.    By  Prof.  Frank  P.  Whitman,  Adalbert  College, 
Cleveland,  O.  and  Mary  Chilton  Noyks,  Ph.D.,  Painesvllle,  O. 

It  was  observed  by  Miss  Noyes,  while  studyini;  the  eifects  of  heat  on 
Young's  Modulus  in  copper  wires,  that  the  elastic  limit  appeared  to  be 
much  smaller  at  high  than  at  low  temperatures. 

The  authors,  taking  up  the  matter  more  at  length,  experimented  upon  a 
number  of  wires  under  different  conditions,  finding  that  the  elastic  limit 
of  copper  wire  chnnges  from  20  to  40  per  cent  between  the  limits,  npproz- 
imately,  of  16°  and  116°  C. 

A  similar  decrease  was  found  in  tlie  ultimate  strength  of  copper  wire, 
under  similar  circumstances,  the  breaking  weight  at  10<J°  being  from  6  to 
20  per  cent  smaller  than  at  15^. 

[  This  paper  will  be  printed  in  the  Physical  Review.] 


Arc  spectra.      By  Prof.   Arthur  L.   Foley,   University  of    Indiana, 
Bloomington,  Ind. 

By  means  of  a  Rowland  grating  and  Brashear  mounting,  and  a  concave 
mirror  to  throw  an  image  of  an  arc  upon  the  slit,  a  photographic  study 
was  made  of  the  spectra  of  diflTerent  portions  of  the  electric  arc.  The 
outer  yellow  sheath  of  the  arc  gave  a  >pectrum  consisting  chiefly  of  the 
lines  of  Caand  Fe,  while  the  central  violet  region  gave,  in  a<ldition  to 
more  lines  of  these  metals,  a  spectrum  of  which  the  most  prominent  fea- 
ture was  the  three  so-called  cyanogen  bands. 

The  lines  of  all  the  elements  diminished  in  intensity  as  the  slit  was 
moved  from  the  center  of  the  arc  to  the  outer  edge,  though  the  rate  of 
fading  out  was  not  the  same  for  different  elements  or  for  different  lines 
of  the  same  element.  No  lines  were  found  having  maxima  in  the  outer 
sheaths. 

The  spectra  of  twelve  elements  were  studied  to  determine  the  nature  of 
the  lines  near  the  carbons  and  directly  between  them.  The  salts  used 
were  barium  carbonate,  sodium  nitrate,  the  chlorides  of  zinc,  calcium, 
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Strontium,  potassium  and  lithium,  the  sulphates  of  chromium,  cadmlain 
and  aluminum  and  the  oxides  of  rubidium  and  titanium.  In  every  case  the 
carbon  lines  clung  to  the  positive  pole  and  the  metallic  lines  to  the  nega- 
tive pole.     Ca  may  be  taken  a«<  an  instance. 

When  the  upper  carbon  only  contained  Ca  and  was  made  positive,  all 
the  Ca  lines  extended  across  the  arc  to  the  lower  negative  pole.  When  it 
was  made  negative,  of  the  forty-seven  Ca  lines  at  the  upper  carbon  only 
fourteen  extended  across  to  the  lower  positive  carbon. 

The  following  Is  a  more  conclusive  Illustration  of  the  electrolytic  na- 
ture of  the  arc : 

Ca  was  placed  in  the  negative  carbon  only  of  a  horizontal  arc  and  the 
carbons  were  placed  1cm.  apart.  The  arc  was  started  by  bringing  the 
two  carbons  into  momentary  contact  by  passing  between  them  a  third 
carbon.  After  one  minute  the  current  was  shut  off  and  a  plain  carbon 
substituted  for  the  one  containing  the  Ca.  No  Ca  lines  appeared  (except 
those  always  present  in  the  ordinary  arc)  when  the  arc  was  again  formed 
and  the  spectrum  photographed .  Strong  Ca  lines  appeared  when  the  experi- 
ment was  repeated  under  the  same  conditions  except  that  the  positive  carbon 
was  filled  with  the  salt.  The  Ca  travelled  freely  with  the  current,  but  not 
against  it. 

A  Helios  enclosed  lamp  was  modified  so  that  a  gas  could  be  introduced 
into  the  arc  and  globe  through  the  lower  hollow  carbon.  A  study  was 
made  of  the  cyanogen  bands  at  /  =  3883.  X  =  421G  and  X  =:=  3590,  and  of 
the  carbon  bands  at  X  =  4737  and  X  =  4382. 

After  the  arc  hud  run  a  few  minutes  the  wasting  away  of  the  poles  was 
very  slow  and  the  strong  cyanogen  and  carbon  spectrum  w^as  almost  free 
from  metallic  lines.  The  introduction  of  air,  CO^  or  O  Increased  the 
wasting  of  the  poles  and  the  brilliancy  of  the  metallic  spectrum. 

With  an  arc  between  carbons  which  had  been  heated  red  hot  In  a  vacuum, 
the  cyanogen  bands  were  almost,  if  not  quite,  as  strong  when  the  arc  was 
in  an  atmosphere  of  CO^  or  sulphur  vapor  as  when  cyanogen  was  intro- 
duced into  the  arc  and  globe.  That  cyanogen  may  be  decomposed  in  the 
arc  was  shown  by  the  presence  of  the  carbon  bands  when  cyanogen  was 
introduced  into  an  arc  between  copper  electrodes. 

[This  paper  will  be  printed  in  the  Physical  Review.] 


The  transmission  of  radiant  heat  by  gasks  at  vauying  prkssukks. 
By  Chawi.ks  F.  Brush,  Cleveland,  Ohio. 

Before  describing  my  own  investigations  on  the  transmission  of  heat 
by  gases,  I  shall  refer  briefly  to  the  classical  work  of  a  somewhat  similar 
nature  by  MM.  Dulong  and  l*etlt  early  in  the  present  century  :  *'  Researches 
on  the  Measure  of  Temperatures,  and  on  the  Laws  of  the  Communication 
of  Heat,"  Ann.  Phil.  1819. 
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In  their  researches  on  the  *'  Comniunication  of  Heat,"  Dulong  and  Petit 
used  as  the  cooling  body  a  very  large  thermometer  bulb  filled  with  mer- 
cury;  and  as  the  recipient  of  the  lieat,  a  large  copper  bulb  or  *'  balloon  " 
abont  three  decimeters  in  diameter,  in  the  center  of  which  the  thermometer 
boll)  was  placed.  The  copper  balloon  wns  coated  with  lamp-black  on  the 
inside,  and  kept  at  any  desired  constant  temperature  by  means  of  a  water 
bath,  or  melting  ice.  The  thermometer  tube  was  of  such  length  as  to  bring 
the  zero  of  the  scale  outside  the  balloon ;  and  the  thermometer  was  adapted 
to  be  removed,  heated,  and  quickly  replaced,  air  light.  The  balloon  was 
connected  with  an  air  pump  capable  of  rapidly  exhausting  it  down  to 
about  two  millimeters  pressure;  and  also  with  a  gas-holder  from  which 
itcoald  be  qnlckly  filled  with  the  gas  whose  cooling  properties  were  to  be 
determined.  The  rate  or  *»  velocity  "  of  cooling  of  the  thermometer  bulb 
was  deduced  from  observations  of  the  f tilling  temperature  at  equal  inter- 
vals of  time. 

With  this  apparatus  Dulong  and  Petit  made  many  carefully  conducted 
experiments  at  differences  of  temperature  between  the  thermometer  and 
balloon  ranging  as  high  as  300  degrees ;  and  with  several  different  gases 
besides  air,  ranging  in  pressure  from  atmospheric,  to  two  millimeters. 
From  the  results  of  these  experiments  they  deduced  severals  laws  of  cool- 
ing which  they  held  to  be  general  in  their  application.  They  sharply 
divided  the  cooling  into  two  parts:  that  due  to  convection  —  the  actual 
contact  of  the  surrounding  cooler  ^as  renewed  by  its  own  currents;  nnd 
that  due  purely  to  radiation  —  tiie  same  as  would  occur  in  an  'absolute 
vacuum."  They  derived  a  constant  value  for  the  latter,  and  values  for 
the  former  varying  with  different  gases  and  different  pressure**.  They 
generally  used  the  thermometer  bulb  naked,  with  its  natural  vitreous  sur- 
face, but  sometimes  they  silvered  it.  While  this  radical  change  in  the 
character  of  surface  greatly  changed  ihe  loss  of  heat  due  to  radiation,  it 
apparently  had  no  effect  on  that  due  to  convection. 

MM.  Dulong  and  Petit  fell  into  the  grave  error  of  deducing  the  behavior 
of  the  last  few  millimeters  of  gas  from  that  of  the  rest.  In  this  way  they 
arrived  at  the  following  *'  sixth  law  "  :— 

*•  The  cooling  power  of  a  fluid  diminishes  in  a  geometrical  progression 
when  Its  tension  itself  diminishes  in  a  geometrical  progression.  If  the 
ratio  of  this  second  progression  Is  2,  the  ratio  of  the  first  is  1.36G  for  air ; 
1.301  for  hydrogen;  1.431  for  carbonic  acid ;  and  1.415  for  oleflant  gas." 

My  own  observations  show  that  this  law  can  be  approximately  true  only 
in  the  case  of  a  large  balloon ;  and  at  pressure^*  from  a  few  millimeters 
upward.  There  is  no  suggestion  of  it  when  a  small  balloon  is  used ;  and 
at  small  pressures  it  does  not  obtain  with  either  large  or  small  balloons. 

It  was  through  misplaced  confidence  in  their  sixth  law,  that  Dulong 
and  Petit  were  led  to  place  a  value  on  the  rate  or  velocity  of  cooling  in 
vacuo,  something  like  a  hundred  per  cent  too  high ;  and  as  they  derived 
the  cooling  values  of  gases  by  deducting  the  cooling  effect  of  a  vacuum 
from  the  total  cooling  observed,  all  their  values  for  gases  are  much  too 
low. 
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Other  experimentalists  also  have  studied  ihe  transfer  of  heat  by  air  and 
other  gases  at  various  pressures.  Kundt  and  Warburg  (Pogg.  Ann., 
1874-6)  and  Winkclmann  (Pogg.  Ann.,  1875-6)  observed  that  the  rate  of 
heat  transmission  remained  substantially  constant  through  a  long  range 
of  diminishing  pressure;  and  then  decreased  with  further  exhaustion. 
But  as  they  made  no  measurements  of  pressure  below  one  millimeter 
(1316  millionths  of  atmospheric  pressure),  their  results  have  no  quantita- 
tive value  for  low  pressures. 

Crookes,  in  his  poper,  *'0n  Heat  Conduction  in  Highly  Uaretted  Air" 
(Proc.  Roy.  Soc.  1880).  described  a  similar  experiment  in  which  he 
carried  the  pressure  measurements  as  low  as  2M.  (two  millionths).  From 
the  fall  in  the  rate  of  heat  loss  which  occurred  between  the  pressures  of 
760  millimeters  and  1  millimeter,  and  6M.  and  2M.  be  concludes :  **  We 
may  legitimately  infer  that  each  additional  diminution  of  a  millionth  would 
produce  a  still  greater  retardation  of  cooling,  so  that  in  sucli  high  vacua 
as  exist  in  planetary  space  the  loss  of  heat  — which  in  that  case  would 
only  take  place  by  radiation  —  would  be  exceedingly  slow." 

In  this  conclusion,  Mr.  Crookes  was,  I  think,  wrong.  I  find  that  the 
curve  representing  the  rate  of  cooling  does  not  break  down  materially,  at 
pressures  as  low  as  a  twentieth  of  a  millionth. 

My  own  investigations  on  **  The  Transmission  of  Radiant  Heat  by  Gases 
at  Varying  Pressures,"  form  part  of  a  general  study  of  the  properties  of 
high  vacua,  in  w*hich  I  have  long  been  engaged. 

In  the  course  of  my  work  it  became  necessary  to  know  how  much  of  the 
heat  communicated  by  a  good  radiating  body  at  ordinary  temperatures,  to 
a  neighboring  body  nt  a  slightly  lower  temperature,  through  an  interven- 
ing gas,  is  transmitted  by  the  so-called  ether,  and  how  much  by  the  gas; 
and  whether  any  of  that  transmitted  by  the  gas  is  communicated  other- 
wise than  by  the  process  of  convection.  Also  why,  and  to  what  extent,  do 
the  gases  differ  from  each  other  in  their  heat-transmitting  capacities. 

In  the  drawings  herewith,  Fig.  1  is  a  diagram  of  the  apparatus  used  in 
my  experiments.  A  is  the  thermometer  whose  cooling  was  observed. 
It  has  a  very  open  scale  divided  into  two-tenths  degrees  C.  The  zero  point 
is  placed  a  long  distance  (about  170  millimeters)  above  the  bulb,  for  ob- 
vious reasons.  The  bulb  is  cyllndri(*al,  about  20  mm.  long,  and  about  7 
mm.  in  diameter,  and  is  coated  with  lamp-black  applied  with  a  very  thin 
alcoholic  solution  of  shellac  A  fter  several  hours'  baking  at  100  degrees 
in  a  good  vacuum,  this  bulb  gave  constant  radiation  results.  The  ther- 
mometer Is  suspended  by  a  platinum  wire,  with  its  bulb  in  the  center  of 
the  large  pear-shaped  glass  bulb  B,  about  112  mm.  in  diameter  'Ihe 
stem  of  the  thermometer  hangs  freely  in  the  long  neck  of  the  large  bulb. 
I  shall  hereafter  call  the  glass  bulb,  B,  the  *•  large  rndiation  bulb,'*  or 
simply  the  **  large  bulb,"  to  distinguish  it  from  a  smaller  one  used  later. 
The  bulb  B  is  surrounded  by  a  copper  tank  C,  lagged  with  woolen  cloth, 
and  filled  with  crushed  ice  and  distilled  water.  A  wire  netting,  C,  serves 
to  keep  some  of  the  ice  always  below  the  lowest  point  of  B.  The  tank  C 
is  movable  on  vertical  guides,  whereby  it  may  quickly  be  raised  to,  or 
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lowered  f^om,  the  position  shown,  thus  exposing  the  balb  B  alternately 
to  the  ice  bath,  and  the  atmosphere  of  the  laboratory.  The  bulb  B  com- 
mnnlcates  freely  with  the  large  barometer  tube  D,  which  is  used  for  meas- 
uring all  but  very  small  pressures.  E  is  a  standard  boiled  barometer, 
dipping  into  the  mercury  cistern  F,  common  to  both  barometers.  G  is  a 
McLeod  gauge  giving  very  accurate  measurements  of  small  pressures,  and 
H  is  a  drying  bulb  containing  phosphorus  pentoxide.  The  glass  stopcock, 
I,  serves  to  admit  other  gases  than  air.  The  mercury  valve.  K,  prevents 
any  leakage  backward  from  the  pump  when  the  latter  is  stopped,  durinic 
observations.  Exhaustion  is  effected  by  an  autoipatic  Sprengel  pump 
having  Ave  fall  tubes,  h  is  a  tine  cathetometer  placed  in  front  of  the 
whole  apparatus,  and  by  rotation  on  its  vertical  axis  is  adapted  to  read  the 
McLeod  gauge,  both  barometers,  and  the  thermometer.  It  has  a  vertically 
divided  scale  with  vernier  and  microscope,  for  reading  the  barometers, 
and  a  micrometer  for  reading  the  gauge.  A  watch,  N,  is  mounted  close 
beside  the  thermometer  on  a  sliding  frame,  so  as  to  be  easily  kept  In  the 
field  of  view  of  the  cathetometer  telescope  when  the  latter  is  used  to  ob- 
serve the  falling  temperature. 

Before  using  this  apparatus,  I  always  exhausted  to  a  good  vacuum,  and 
heated  the  bulb  B  by  means  of  a  water  bath,  and  all  other  vacuous  parts 
by  means  of  an  air  bath,  to  100  degrees  for  several  hours.  This  was  found 
necessary  In  the  first  instance  with  air,  in  order  to  divest  the  inner  glass 
surfaces  of  that  portion  of  their  coating  of  adherent  gas  most  easily  given 
oif  in  a  vacuum.  This  gas  was  pumped  out;  and,  not  being  principally  air, 
was  not  largely  re-absorbed  when  air  was  admitted.  Without  this  pre- 
caution I  was  unable  to  obtain  constant  results  at  very  low  pressures. 
When  other  gases  were  tried  successively,  the  preliminary  heating  pre- 
vented gas  from  one  operation  attaching  itself  to  the  glass,  and  remaining 
to  contaminate  the  succeeding  gas  at  very  low  pressures. 

I  next  introduced  the  proper  gas  up  to  atmospheric  pressure,  and  made 
a  preliminary  cooling  of  the  thermometer  by  raising  tiie  ice  tank  C.  Tliis 
preliminary  cooling  was  found  to  have  a  slight  effect  on  the  readings  next 
following,  and  was  done  to  make  the  first  set  of  readings  on  any  day  en- 
tirely comparable  with  the  others.  I  then  lowered  the  ice  tank,  and  when 
the  temperature  had  risen  to  18  degrees,  stirred  the  ice  and  water  thor- 
oughly, raised  the  tank  again,  and  observed  the  thermometer  through  the 
telescope  —  noting  by  the  watch  N  the  instant  when  the  falling  mercury 
passed  e»ch  degret*  of  the  scale.  Then,  with  the  ice  tank  still  up,  I  noted 
the  pressure  by  measuring  with  the  cathetometer  the  dill'erence  In  height 
of  the  barometer  columns  in  D  and  K.  The  i)arometer  D  showed  that 
the  gas  In  the  radiation  bulb  cooled  nearly  to  zero  with  very  great  rapid- 
ity when  the  ice  tank  was  raised.  I  always  measured  pressures  with  the 
radiation  bulb  cold.  It  was  usual  to  repeat  the  whole  operation  to  con- 
firm results  before  reducing  the  pressure  by  the  pump. 

Observations  were  thus  made  at  pressures  varying  from  atmospheric 
down  to  the  best  vacuum  obtainable.  In  some  Instances  many  series  of 
observations  were  made  at  varying  pressures  all  within  the  last  millionth. 
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The  gauge  coald  be  relied  apon  to  measure  these  small  pressures  with  very 
great  accuracy :  but  it  was  difficult  to  maintain  them  long  at  any  exactly 
constant  value,  on  account  of  the  continual,  though  slight,  evolution  of 
gas  from  the  ^lass  of  the  apparatus. 

As  I  desired  only  comparative  results,  no  correction  was  made  for  tlie 
probable  slight  inequalities  in  the  calibration  of  the  thermometer ;  nor  for 
heat  conducted  to  or  from  the  bulb  by  the  stem ;  nor  for  the  change  of  zero 
point  due  to  changing  external  pressure.  The  mercury  fell  exactly  to 
zero  at  atmospheric  pressure,  and  about  one-fiftieth  of  a  degree  lower  at 
no  pressure.  The  pressure  error  due  to  differences  of  capillary  depres- 
sion in  the  two  barometers  was  asceitained  at  high  exhaustions,  and  found 
nearly  constant.  It  was  always  corrected.  The  different  gases  used  were 
carefully  prepared  and  dried,  and  were  introduced  quite  free  from  any  ad- 
mixture with  air. 

My  observations  have  extended  over  a  long  period,  and  are  far  too  vo- 
luminous to  be  recorded  here  in  detail.  But  I  have  embodied  their  most 
salient  features  in  a  series  of  curves  which  render  them  readily  apparent 
to  the  eye.  In  these  curves  the  abscissee  represent  the  pressure,  and  the 
ordlnates  represent  the  rate  of  heat  transmission  through  the  ^as,  from 
the  thermometer  bulb  to  the  ice-cold  envelope.  The  rate  or  transmission 
at  any  particular  pressure  is  expressed  by  the  reciprocal  of  the  number  of 
seconds  required  for  the  temperature  to  fall  throus^h  a  given  number  of 
degrees.  For  convenience  of  scale,  all  the  reciprocals  are  multiplied  by 
500. 

Fig.  2  shows  the  curve  for  air.  The  heavy  line  represents  the  rate  of 
cooling  from  15  degrees  to  10  degrees.  It  is  in  three  sections.  A,  B  and  C. 
Section  A  embraces  the  whole  range  of  pressure  from  nothing  to  atmos- 
pheric ;  section  B  embraces  the  range  of  pressure  from  nothing  to  .01  of 
atmospheric ;  and  section  C  embraces  the  range  of  pressure  from  nothing 
to  .0001  of  atmospheric,  i.  e  ,  lOOM.  (one  hundred  millionths).  Atmos- 
pheric pressure  is  taken  at  760  mm.  Thus  it  will  be  seen  that  section  B  is 
the  last  hundredth  of  A,  magnified  a  hundred  limes;  and  section  C  Is  the 
last  hundredth  of  B,  magnified  a  hundred  times.  This  magnification  of 
the  absclssiB  without  change  of  the  ordinates,  enables  us  to  study  every 
part  of  the  curve  with  ease.  The  small  circles  represent  the  points  in  the 
curve  established  by  observation.  These  points  are  shown  exactly  as 
found,  without  any  attempt  to  smooth  out  rouj^h  places  in  the  curve.  The 
same  is  true  of  the  curves  of  other  gases.  The  heavy  dotted  line,  parallel 
with  the  base,  indicates  that  portion  of  the  total  heat  transmission  due  to 
the  ether ;  while  all  above  It  represents  that  due  to  the  air. 

Starting  at  the  left-hand  end  of  section  A,  representing  the  rate  of  heat 
transmission  at  atmo^^pheric  pressure,  we  observe  that  the  curve  drops  reg- 
ularly at  a  rate  faster  than  the  diminution  of  pressure,  during  ninety-five 
per  cent  of  the  whole  range  ot  pressure  from  atmospheric  to  zero.  Be- 
yond this  point  the  rate  of  heat  transmission  remains  substantially  con- 
stant, as  shown  by  section  B  and  the  latter  part  of  A,  down  to  a  pressure 
of  about  .000  8^a  range  of  nearly  ninety -nine  and  a  half  per  cent  of  that 
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remaining.  Here  the  curve  saddenly  begins  to  drop  again,  and  falls 
steadily,  as  shown  by  section  C  and  the  latter  part  of  B,  until  it  meets  the 
ether  line  at  the  zero  of  pressure. 

Under  the  curve  A,  I  have  drawn  curves  with  finer  lines,  representing 
the  rate  of  heat  transmission  at  smaller  differences  of  temperature  be- 
tween the  thermometer  and  ice  bath.  As  before  stated,  A  represents  the 
cooling  from  15  degrees  to  10  degrees.  On  the  same  scale,  a  represents 
the  cooling  from  9  degrees  to  6  degrees ;  aa,  from  6  degrees  to  4  degrees, 
and  aaa,  from  3  degrees  to  2  degrees.  N  ow,  Newton's  law  of  cooling  re- 
quires that  the  rate  shall  vary  directly  with  the  difference  of  temperature 
between  the  cooling  body  and  the  surrounding  medium.  While  this  law  is 
known  to  be  incorrect  for  large  differences  of  temperature,  it  is  generally 
accepted  for  very  small  differences.  If  it  were  correct  under  the  condi- 
tions of  the  present  experiment,  then  the  ratios  of  the  times  required  for 
the  temperature  to  fall  through  the  several  ranges  above  indicated,  would 
all  equal  unity,  and  the  curves  A,  a,  aa,  aaa  would  coalesce.  But  they  are 
very  far  from  doing  this.  It  will  be  observed  that  all  of  these  curves  pre- 
serve their  relative  values  very  closely  indeed,  until  they  approach  the 
point  of  pressure  where  the  curve  A  reverses  itself;  then  they  begin  to 
bunch  themselves  very  much  closer  together,  especially  the  lower  ones, 
and  shortly  reach  a  greatly  reduced,  as  well  as  varied  ratio  of  values  which 
they  retain  substantially  unchanged  to  the  end,  as  shown  in  connection 
with  section  C.  To  avoid  confusion  of  lines,  I  have  omitted  the  second- 
ary curves  corresponding  with  section  B. 

Carbon  monoxide  was  chosen  for  comparison  with  air,  because  its  ab- 
sorptive power  for  radiant  heat  is  many  tiroes  greater,  while  its  specific 
heat  is  almost  exactly  the  same.  The  principal  curve,  representing  the 
rate  of  heat  transmission  from  15  degrees  to  10  degrees,  differs  very  little 
from  that  of  air.  It  shows  a  slightly  better  rate  than  air  at  very  small 
pressures ;  not  quite  so  good  a  rate  as  air  at  intermediate  pressures ;  and 
the  same  rate,  at  atmoMpheric  pressure.  But  the  curves  a,  aa,  aaa,  repre- 
senting equivalent  amounts  of  cooling  at  smaller  temperature  differences, 
are  materially  unlike  those  of  air.  At  high  pressures  they  have  about  the 
same  ratio  values  as  with  air ;  but  the  ratio  diminishes  much  less  at  Inter- 
mediate and  low  pressures ;  that  Is  to  say,  the  curves  i*emaln  further  apart. 
It  is  equally  noticeable  that  the  curves  aa,  aaa,  retain  their  full  relative 
ratio  values  at  low  pressures,  while  with  air,  they  nearly  coalesce. 

It  was  thought  that  ethylene  might  transmit  heat  more  rapidly  than  air, 
Ijecaase  of  Its  much  higher  specific  heat.  But  It  does  not  do  so.  Its  curve 
has  the  same  form  as  those  of  air  and  carbon  monoxide.  It  transmits 
heat  nearly  as  well  as  air  at  atmospheric  pressure ,  but  not  nearly  so  well 
at  Intermediate  pressures.  At  a  very  few  mllllonths,  however.  It  conducts 
a  trifle  better  than  air.  The  curves  a,  aa,  and  aaa,  have  the  same  charac- 
teristics, and  about  the  same  ratios,  as  those  of  carbon  monoxide. 

Hydrogen  was  next  tried,  on  account  of  its  very  low  coefficient  of  vis- 
cosity, as  well  as  its  very  high  specific  heaji.  While  in  general  form  the 
hydrogen  curve  resembles  the  air  curve,  all  the  ordlnates  are  Immensely 
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increased.  It  is  noticeable  that  the  Intermediate  section  B  of  the  curve 
lies  mnch  nearer  A  than  C,  quite  different  from  its  relative  position  in  the 
curves  of  the  other  gases.  This  section  of  the  curve  shows  that  hydro- 
gen retains  about  tv^o-thirds  of  its  initial  heat  trnnsmittliig  power  at  a 
pressure  nearly  two  hundred  times  smaller  than  does  air.  The  curves  A, 
a,  aa,  and  aaa,  have  something  like  the  same  ratios  as  they  have  in  the 
cases  of  cnrbon  monoxide  and  ethylene.  In  general,  it  may  be  said  of  hy- 
drogen in  the  large  radiation  bulb,  that  it  transmits  heat  nearly  four  times 
as  fast  as  air  at  atmospheric  pressure ;  more  than  twice  as  fast  at  a  very 
few  millionths,  and  more  than  seven  times  as  fast  through  a  long  range 
of  intermediate  pressures. 

As  evidence  of  the  accuracy  of  the  observations  on  which  the  curves 
thus  far  described  are  based,  it  is  gratifying  to  note  that  the  vacuum,  or 
ether  line,  locates  itself  exactly  the  same  in  all. 

In  making  the  above  described  observrttions,  I  looked  for  some  clian^e 
in  the  phenomena  when  the  exhaustion  reached  the  point  at  which  the 
mean  free  path  of  the  gas  molecules  equaled  the  distance  between  the  ther- 
mometer bulb  and  the  cold  walls  of  the  enclosing  globe.  This  should  have 
been  at  a  pressure  of  about  two  millionths.  No  such  change  was  observ- 
able, however,  in  any  case.  Partly  in  pursuance  of  the  same  idea,  I  re- 
solved to  repeat  some  of  my  experiments,  using  a  very  much  smaller  radi- 
ation bulb.  This  I  expected  would  also  reduce  that  portion  of  the  total 
cooling  effect  due  to  convection  currents.  I  accordingly  employed  the  bulb 
or  tube  P,  Fig.  1,  in  my  further  experiments.  This  is  made  from  a  thin 
glass  tube  slightly  less  than  20  millimeters  internal  diameter,  and  in  it 
hangs  the  same  thermometer  A,  which  was  used  before.  In  transferring 
the  thermometer,  great  care  was  taken  to  avoid  any  disturbance  of  the 
coating  of  lamp-black  on  its  bulb.  At  b,  is  a  contraction  of  the  tube  P,  to 
prevent  the  thermometer  bulb  swinging  against  the  inside  of  the  tube. 
The  contraction  b  is,  however,  much  larger  than  the  thermometer  stem, 
so  that  normally  the  latter  dues  not  touch  it.  The  thermometer  bulb  hangs 
exactly  in  the  center  of  P,  near  its  bottom,  and  is  separated  (torn  it  by  a 
space  of  a  trifle  more  than  six  millimeters — almost  exactly  a  quarter  of  an 
inch ;  instead  of  two  inches,  as  in  the  case  of  the  **  large  bulb."  The  tube 
or  bulb  P,  I  shall  hereafter  designate  the  *'  small  radiation  bulb,"  or  sim- 
ply '*  small  bulb,"  to  distinguish  it  from  the  large  one. 

The  curve  for  hydrogen,  with  the  small  bulb,  differs  radically  In  size  and 
form  from  that  obtained  with  the  large  bulb.  Section  A ,  instead  of  droop- 
ing rapidly  with  decreasing  pressure,  maintains  almost  its  full  value 
throughout.  Section  B  starts  with  nearly  double  Its  old  value,  but  breaks 
down  much  earlier.  Section  C  starts  with  a  little  higher  value,  but  is 
much  straighter,  and  consequently  has  a  lower  value  throughout  most  of 
its  length.  The  curves  a,  aa,  aaa,  are  very  peculiar.  They  start  at  at- 
mospheric pressure  with  much  smaller  total,  and  very  different  relative 
ratios  than  before,  and  are  successively  absorbed  into  A.  They  reappear 
later,  however,  but  with  small  ratios. 

Fig.  8  gives  the  curve  for  air,  with  the  small  bulb.    It  diflfbrs  from  that 
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with  the  large  bulb  qnite  as  much  as  did  the  hydrogen  curve.  Section  A 
droops  slightly,  and  then  regains  almost  its  full  atmospheric  value  at  one 
per  cent  pressure.  Section  B  has  the  same  form  as  with  the  large  bulb 
(Fig.  2),  but  more  than  double  Its  value;  and  section  C  also  has  a  much 
higher  value  throughout.  The  curves  a,  aa,  aaa,  have  small  ratio  values 
at  the  beginning,  and  are  absorbed  Into  section  A  the  same  as  with  hydro- 
gen. But  aa,  and  aaa,  coalesce  when  they  reappear,  and  coincide  to  the 
end;  while  the  ratio  between  a,  and  aa,  remains  constant  at  a  very  small 
value. 

The  curve  for  carbon  dioxide,  with  the  small  bulb,  closely  resembles  the 
air  curve  In  form,  hut  has  a  very  much  smaller  value  throughout.  While 
the  curves  aa,  and  aaa,  are  soon  united,  and  remain  so  to  the  end,  a,  and 
aa,  never  disappear  as  they  did  in  the  cuses  of  hydrogen  and  air. 

With  the  small  bulb,  as  with  the  large,  uo  change  In  the  character  of 
the  phenomena  was  observable  when  the  exhaustion  had  reached  the  point 
at  which  the  mean  free  path  of  the  molecules  equaled  the  space  through 
which  the  heat  was  conducted.  This  point  was  reached  in  the  small  bulb 
at  a  pressure  of  about  fourteen  mllllonths. 

It  seems  reasonable  to  assume  that  the  radical  difference  between  sec- 
tions A  of  the  curves  obtained  with  the  large  and  small  bulbs  res^pectlvely, 
was  due  to  an  almost  complete  suppression  of  convection  currents  In  the 
latter  case.  In  the  absence  of  convection  currents,  that  part  of  the  heat 
transmitted  by  the  gas,  was  probably  carried  by  a  process  analogous  to 
conduction  in  solids.  The  shortness  of  conductor,  In  the  case  of  the 
small  bulb,  may  account  for  the  greatly  Increased  rate  of  conduction. 
But  why  the  conductivity  of  a  gas  remains  nearly  constant  through  a 
very  wide  range  of  pressures,  is  not  clear.  Mr.  Crooke*s  explanation  of 
this  phenomenon  seems  to  me  very  unsatisfactory. 

It  will  be  noticed  that  the  **  ether  line"  is  about  four  per  cent  lower 
with  the  small  bulb  than  with  the  large  one.  This  may  be  due  to  the 
greatly  decreased  amount  of  surface  presented  by  the  small  bulb  for  ab- 
sorption of  the  radiant  heat. 

The  enormous  heat  conducting  capacity  of  gases,  at  very  small  pres- 
sures. Is  strikingly  shown  in  all  the  curves.  But  hydrogen  is  preeminent 
in  this  respect.  Thus,  in  the  large  bulb,  hydrogen  at  a  pressure  of  only 
twenty-six  mllllonths  of  an  atmosphere,  transmits  heat  as  rapidly  as  the 
ether !  At  seventy-six  millionths.  It  equals  air  at  atmospheric  pressure ; 
that  Is  to  say,  It  does  the  work  of  nearly  two  hundred  thousand  times  its 
weight  of  air ! 

It  is  remarkable  that  at  pressures  up  to  a  few  mllllonths,  all  of  the 
curves  are  nearly  straight  lines.  This  is  especially  noticeable  In  the  small 
bulb  curves ;  showing  that  at  these  small  pressures  the  heat  transmitting 
power  of  a  gai^  varies  directly  with  its  amount.  Hence  It  seems  reason- 
ably certain  that,  if  the  very  small  fraction  of  a  millionth  of  the  gas  ex- 
amined, which  remained  at  the  end  of  each  experiment,  could  have  been 
entirely  removed,  the  heat  transmittin*;  power  of  the  vacuum  would  not 
have  been  materially  diminished.    It  was  customary  at  the  end  of  the 
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experiments  with  each  ^as,  to  close  the  gauge  pt'rmaneatly  when  the  press- 
ure had  fallen  to  a  tenth  of  a  millionth  or  so ;  and,  with  the  capacity  of 
the  whole  apparatus  thus  reduced,  run  the  pump  continuously  from  one 
to  two  h'lurs.  Several  sets  of  obser\ati<>ns  were  always  made  during 
this  extreme  exhaustion :  and  while  the  change  in  the  rate  of  cooling  of 
the  thermometer  was  generally  appreciable,  it  Avas  ahvays  very  small  in- 
deed. In  my  earlier  experiments  I  took  the  greatest  care  to  insure  the 
absence  of  mercury  vapor  in  the  final  vacuum.  But  ihe  presence  or  ab- 
sence of  mercury  vapor  made  no  difference  distingui^ihable  from  the 
errors  of  observation. 

Of  course  the  best  vacuum  producible  by  a  Sprengel  pump,  still  con- 
tains many  thousands  of  millions  of  gas  molecules  per  cubic  centimeter. 
This  may  be  regarded  as  a  prodigiously  large,  or  exceedingly  small  quan- 
tity of  gas,  according  to  our  point  of  view.  While  it  has  no  apparent 
effect  on  the  general  heat  transmitting  capacity  of  the  vacuum,  it  does 
seem  to  interfere  with  or  modify  some  function  of  the  ether.  This  is  the 
only  explanation  of  certain  phenomena  that  I  can  offer.  I  refer  to  the 
different  behavior  of  the  vacua  with  different  residual  gases,  and  in  differ- 
ent sized  bulbs,  in  the  matter  of  adherence  to  or  departure  from,  Newton's 
simple  law  of  cooling.  The  curves  a,  aa,  aaa,  illustrate  these  differences 
in  the  several  cases  at  the  extreme  end  of  section  C  of  the  principal 
curves.  These  differences  are  too  large  to  be  attributed  to  errors  of  ob- 
servation. 'I'his  is  one  of  several  reasons  which  lead  me  to  suspect  that, 
at  higher  pressures,  all  the  gases  examined  interfere  materially  with,  and 
retard  the  transmission  of  heat  by  the  ether.  In  otiier  words,  I  suspect 
that  the  dotted  ether  line  of  my  curve  sheets  should  not  be  drawn  parallel 
with  the  base,  and  have  a  constant  value  at  all  gaseous  pressures  as  .shown, 
but  should  have  a  decreasing  value  as  the  gas  pressure  rises  from  zero. 
On  this  interesting  phase  of  my  subject  I  hope  to  have  more  to  say  at  a 
future  date. 

Fig.  4  is  an  air  curve  plotted  from  figures  given  in  Dulong  and  Petit's 
paper.  It  is  drawn  to  such  a  scale  that  the  rate  of  heat  conduction  at 
atmospheric  pressure  is  the  same  as  in  my  own  experiment  with  air  in  the 
Itirge  bulb,  and  illustrated  in  Fig.  2.  The  first  five  stations  in  the  curve 
are  the  ones  from  which  they  deduced  their  '*  sixth  law"  of  cooling. 
The  rest  of  the  curve  is  drawn  in  accordance  with  that  law,  and  the  vac- 
uum line  represents  exactly  the  value  they  assigned  to  the  cooling  power 
of  an  absolute  vacuum.  Comparison  with  Fig  2  shows  how  much  they 
erred  in  their  deduction 

A  study  of  the  curve  embodying  results  obtained  with  a  mixture  of 
three  volumes  of  hydrogen,  and  five  volumes  of  carbon  dioxide  in  the 
small  bulb,  shows  that  the  carbon  dioxide  interfered  very  greatly  with  the 
performance  of  the  hydrogen.  Before  any  exhaustion  was  made,  the  hy- 
drogen alone,  would  have  done  more  than  three  times  the  work  of  both 
gases.  It  was  not  until  the  pressure  had  fallen  to  about  100  milliontlis 
that  both  gases  combined  did  as  well  as  the  hydrogen  would  have  done 
alone,     lielow  this  pressure,  both  gases  contributed  to  the  result. 
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This  interference  of  mixe<1  gases  is  a  very  interesting  phenomenon; 
and  seems  to  warrant  the  careful  investigation  which  it  is  my  intention  to 
give  it. 

[  rhis  paper  will  b«  printed  In  the  Philosophical  Magazine.] 


Note  on  the  elkctric  coNDUCTiviTy  of  certain  specimens  of  sheet 
GLASS  wirH  reference  to  thkir  fitness  fok  use  in  static  gener- 
ators.    By  Prof.  Dayton  C.  Miller,  Cleveland,  Ohio. 

In  connection  with  the  construction  of  stiitlc  electric  machines,  it  was 
desired  to  choose  from  several  specimens  of  sheet  glass  the  one  having  the 
least  conductivity.  Sheets  of  the  glass  twelve  Inchvs  square  were  silvered 
on  the  center  of  each  side  over  an  area  of  six  inches  square.  By  joining  the 
ends  of  a  500  vcilt  circuit,  containing  a  large  Wiedemann  galviinometer  with 
Braunn*s  guard  ring,  to  these  silvered  areas,  a  very  considerable  galvanom- 
eter deflection  was  secured.  It  was  thus  shown  that  **  cathedral  glass," 
containing  no  lead,  had  about  seven  times  the  conductivity  of  common 
window  glass  which  contains  lead.  Further  experiments,  in  connection  < 
with  cliemical  analyses  and  surface  conductions,  are  to  be  undertaken. 


On  the   COEFFICIKNf   OF  ABSOLUTE   RIGIDITY  OF  QUAKTZ   FIBERS  AND  ITS 
TIMB     AND     TE.MPERATURE     VARIATIONS.         By    SaMUEL    J.    BaKNETT, 

Cornell  University,  Ithaca,  N.  Y. 

[Communicated  by  Prof.  E.  L.  Nichols.^ 

The  immediate  object  of  these  measurements  was  to  And  whether  or 
not  a  quartz  fiber  would  afford  a  >uitab1e  suspension  for  the  magnet  of  the 
great  tangent  galvanometer  in  the  Phynical  Laboratory  of  Cornell  Univer- 
sity, when  that  instrument  was  mounted  as  a  villari  torsion  galvanometer. 
The  coSfflcient  of  absolute  rigidity  was  determined  by  the  method  of 
torsional  yibratlons,  cognizance  being  taken  of  the  conical  form  of  the 
fibers.  Six  fibers  were  tested  and  the  mean  value  of  the  measurements  of 
the  six  showed  a  coefficient  equal  to  1.4B  x  10."  The  individual  values  were 
in  agreement  with  one  another,  showing  no  such  wide  variations  as  had 
been  observed  by  Threlfall  in  his  investigations  with  finer  fibers.  The 
mean  value  here  given  is  very  much  smaller  than  the  values  obtained  by 
Threlfall  and  Boys,  apparently  indicating  that  tbls  coefficient,  like  the 
longitndinal  strength  (Boys  and  Threlfall),  increases  relatively  as  the 
diameter  diminishes. 

To  test  the  effect  of  time  upon  the  period  of  vibration,  four  fibers  were 
mounted  on  Dec.  21,  189G,  and  nine  complete  sets  of  observations  Avere 
made  extending  until  May  10,  18'.)7  No  time  effect  on  the  periods  was 
observable.  Care  w^  taken  to  reduce  these  observations  to  a  constant 
temperature  of  21^  C. 
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The  influence  of  temperature  upon  the  rigidity  of  quartz  fibers  had  been 
previously  inve^itlgated  by  Threlfall  and  Adair.  This  determination  in- 
volves a  knowledge  of  the  coefficient  of  linear  expansion,  for  which  constant 
the  above  mentioned  authors  obtained  widely  discordant  results,  ranging 
from  +-000037  to  —.000022.  Measurements  of  the  coefficient  of  expan- 
sion in  the  present  case  gave  concordant  results,  the  mean  value  of  which 
was  -f  .0000003  for  the  linear  coefficient  between  24°C.  and  98°C.  This 
coefficient  is  so  extremely  small  that  it  may  be  neglected  in  the  reduction 
formula.  As  the  result  of  observations  upon  the  torsional  period  at  different 
temperatures  it  was  found  that  the  rigidity  of  fused  quai*tz  increases 
with  the  temperature.  The  mean  value  of  the  coefficient  obtained  from 
concordant  observations  upon  seven  fibers  was  found  to  be  +.000115; 
while  the  elnsticity  of  all  other  substances  hitherto  investigated,  includ- 
ing rubber,  has  been  found  to  diminish  as  the  temperature  increases. 

[  This  paper  will  be  printed  in  The  Physical  Review.] 


The  dischahgb  of  electrified  bodies  by  x-rays.     By  Dr.  Clement 
D.  Child,  Cornell  University,  Ithaca,  N.  Y. 

The  writer's  experiments  deal  chiefly  with  the  dependence  of  the  dis- 
charging effect  produced  by  x-rays  upon  the  pressure  of  the  air  surround- 
ing the  charged  body.  The  rays  were  allowed  to  pass  between  a  grounded 
zinc  plate  and  a  charged  zinc  box  which  almost  completely  surrounded  It. 
Both  plate  and  box  were  enclosed  in  the  receiver  of  an  air  pump.  The 
rate  of  discharge  was  determined  by  the  fall  of  potential  produced  by  the 
action  of  the  rays  in  a  given  time.  Numerous  precautions  were  taken  to 
gnard  against  disturbances  due  to  the  direct  electro- static  action  of  the 
tube,  and  to  the  action  of  the  rays  upon  the  atmosphere  of  the  room.  The 
rays  entered  the  receiver  through  a  window  of  paraffined  wood,  which,  on 
account  of  its  high  transparency,  permitted  more  intense  rays  to  reach 
the  interior  than  have  heretofore  been  used  in  such  experiments. 

With  low  potentials  (6-15  volts)  It  was  found  that  the  rate  of  discharge 
at  first  increased  with  the  pressure  of  the  air,  but  finally  attained  a  maxi- 
mum and  diminished  again  as  the  pressure  was  made  still  greater.  The 
pressure  corresponding  to  the  maximum  rate  of  discharge  appeared  to  be 
very  nearly  proportional  to  the  potential  of  the  charged  body.  If  this 
potential  was  as  high  as  35  volts  the  maximum  was  no  longer  found 
within  the  range  of  pressures  used,  and  the  rate  of  discharge  was  nearly 
proportional  to  the  square  root  of  the  density.  The  fact  that  other  ex- 
perimenters have  not  found  the  maximum  above  mentioned  is  probably 
due  to  the  fact  that  they  did  not  use  sufficiently  intense  rays.  The  writer 
has  repeated  his  experiments  by  a  modified  method  with  the  same  results. 

[  This  paper  will  be  printed  in  The  Physical  Review.] 
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On  THR  LUUIN08ITY  OF  PIOMRNTED  SUHPACB8  UNDER  DIFVBRRNT  80URCK8 

OF  ILLUMINATION.    By  Prof.  FRANK  P.  WHITMAN,  Adclbcrt  College, 
Clereland,  O. 

This  paper  embodies  the  results  of  measarements,  with  the  Flicker 
Photometer,  npoD  the  laminoslties  of  a  given  set  of  pigmented  surfaces, 
when  lighted  successively  from  various  sources. 

The  luminosities  were  expressed  as  percentages  in  terms  of  a  white 
surface  exposed  to  the  same  illuminnnt. 

The  results  were  exhibited  in  curves,  which  made  it  easy  to  compare 
the  character  of  the  different  lights  used. 

Sets  of  readings  were  also  made,  upon  the  same  set  of  pigments,  by 
two  color-blind  persons,  one  red-blind,  the  other  green-blind. 

The  readings  were  as  definite  as  those  of  the  normal  eye,  but  the  curves 
differed  notably ;  one  showing  abnormal  brightness  in  the  red  and  deficient 
illumination  In  the  green,  the  other  just  the  reverse,  and  to  nearly  the 
same  amount. 

[  This  paper  will  be  printed  in  The  Physical  Review.] 


Design,  construction,  and  tkst  ok  a  1250  watt  transformer.      By 
Prof.  Henrt  S.  Carhart,  University  of  Mich.,  Ann  Arbor,  Mich. 

Two  of  my  students  undertook,  under  my  supervision,  the  design  and 
construction  of  a  transformer  to  determine  how  nearly  theory  dictates 
correct  practice.  They  chose  the  core  type  instead  of  the  shell  chiefly  for 
construction  reasons,  as  the  iron  for  the  core  type  can  be  cut  at  the  tin- 
smith's without  a  die.  At  the  same  time  this  type  departs  so  widely  from 
the  common  design  that  they  were  thrown  more  on  their  own  resources. 

In  the  core  type  the  number  of  turns  of  wire  is  greater  than  in  the  shell 
type  if  the  copper  and  iron  losses  are  to  be  nearly  equal  to  each  other. 
This  is  the  condition  for  highest  efficiency.  Since  the  primary  and  sec- 
ondary losses  are  nearly  equal,  represent  the  entire  copper  loss  by  al^B 

and  the  iron  loss  by  b.    Then  for  highest  efficiency  =-r- —  *=  ^  must 

be  a  minimum.    Ej  /,  and  B  are  E,  M,  F.,  current,  and  resistance  of  the 

secondary.     Hence   -=y  =  -= ^fy-  ==  0  for  a  minimum.    Therefore 

ul         Jit  Jitl 

aI*B  =  6,  or  the  copper  and  iron  losses  are  equal. 

For  high  efficiency  under  a  light  load,  the  number  of  turns  of  copper  must 

be  increased.    But  this  causes  a  larger  drop  in  potential  and  so  Impairs 

the  regulation. 
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A.      DESIGN. 

Preliminarj  trials  on  paper  showed  that  the  number  of  primary  turns 
should  not  be  less  than  1200  and  the  secondary  120  (or  60  in  parallel).  To 
determine  the  cross  section  of  the  iron,  it  Is  easily  shown  that 

1010  X  10«  ,^  ^  ,  „-         , 

:  46.»  sq.  cm   =  7  2o  sq.  in. 


4  44  X  135  X  1200  x  3000 

Allowing  10  per  cent  for  oxide,  the  width  of  the  core  plate  is  2.95  in. 

On  the  basis  of  1000  amperes  per  sq.  in.  the  primary  was  made  of  No. 
17  d.  c.  c.  wire  and  the  secondary  of  N<».  8.  Winding  the  .^jecondary  in 
two  layers  of  30  turns  each  on  each  spool,  the  length  of  the  core  plates 
becomes  7  848  in. 

The  estlmatt'd  length  of  the  secondary  was  124.8  ft.  and  its  resistance 
at  40®  C,  0.0847  ohm.  For  the  primary  the  length  was  1602.6  ft,  and 
its  resistance  8.8  ohms. 

The  copper  losses  at  full  load  are  then  14.87  watts  for  ihe  primary  and 
13.23  for  the  secondary.  The  hysteresis  and  eddy  current  losses  were 
both  combined  under  Steinmetz's  formula  with  a  hysteretlc  constant 
0.0025.  The  indicated  iron  loss  was  39.11  watts  in  a  volume  of  193.27 
cu.  In.  and  a  flux  density  of  3000  lines  per  sq.  cm.  Hence  the  total  esti- 
mated losses  were  67.21  watts,  and  the  efficiency  94.9  per  cent. 

The  magnetizing  current  was  computed  by  Thompson's  formula  as  0.048 
ampere.  The  power  component  to  supply  the  loss  by  hysteresis  and  eddy 
currents  was  0  039.  The  total  no  load  current  is  the  resnltant  of  these 
two  in  quadrature,  or  O.Otil  ampere. 

B.      CONSTRUCTKJN. 

Wheeling  iron  15  mils,  thick  was  used  for  the  core.  It  was  carefully 
annealed  out  of  contact  with  the  air  by  heating  in  a  furnace  to  923°C.  and 
then  ^*lowly  cooling.  The  above  tempernture  is  higher  than  the  critical 
one  at  which  iron  ceases  to  be  magnetic. 

After  winding  and  drying,  the  transformer  was  assembled  by  inter- 
larding the  end  plates  between  those  of  the  core.-*  and  <ompressing  between 
ribbed  clamps  with  the  bolts  through  projecting  ears. 


The  resistance  of  the  primary  at  40°C.  was  found  to  be  8.46  ohms. 
That  of  the  secondary,  0.883.  The  weight  of  the  primary  was  about  9.25 
lbs.  and  of  the  secondary,  6  lbs. 

The  iron  loss,  meanured  in  the  usual  way  by  a  Weston  wattmeter  was 
found  to  be  34.6  watts. 
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The  regulation  was  determined  by  a  method  of  comparison  by  means 
of  two  voltmeters,  and  the  voltage  from  no  load  to  full  load  varied  only 
2.8  per  cent. 

The  cross-flux  or  magnetic  leakage  on  full  load  was  2.66  per  cent.  The 
details  of  ihis  mea>urement  were  givt-n. 

The  following  efficiencies  were  found  by  test:  Load  of  871  watts, 90.93 
per  cent;  742  watts,  94.42;  1020  watts,  96.12;  1286  watts,  96.37;  1476 
watts,  95.43. 

The  compaiison  between  observed  and  computed  values  is  interesting  : 

Observed.        Computed. 
Resistance  of  primary  at  40°C.     .     .    8.46  8.80 

"  **  secondary    ••  .     .    0.083  0.0847 

Copper  loss,  primary,  full  load    .     .  14.07  14.87 

"     secondary      *'  .     .  13.07  13.76 

Iron  losses 34.5  39.11 

No  load  current 0.05  0.061 

Efficiency  at  /ull  load 95.4%  94.9% 


ElKCTU(H.YTIC  action  and  1N8ULATION-UK81STANCB  OF  A  COMMERCIAL- 
CONDENSER.  By  Dr.  K.  E.  Guthk,  University  of  Michigan,  Ann 
Arbor,  Michigan. 

Thk  insulation-resistance  of  cables  or  absorbing  condensers  Is  ii  func- 
tion of  the  time.  It  increases  with  the  time  very  rapidly  and  finally  ap- 
proaches asymptotically  a  maximum.  This  is  principally  due  to  the 
soaking  in  of  the  charge  which  in  the  usual  methods  employed  i^  taken 
into  account  as  a  quantity  going  through  the  dielectric.  If  there  is  elec- 
trolytic action  in  a  condenser  we  may  con.slder  it  as  a  high  resistance  cell 
and  determine  its  resistance  Avithout  any  absorption  from  the  outside 
taking  place  during  the  test.  Experiments  made  on  such  a  condenser, 
finding  its  resistance  from  the  formula 

gave  the  following  rules  : 

1.  In  condensers,  in  which  there  is  some  electrolytic  action  —  and  thl8 
was  found  to  be  the  case  in  several  absorbing  commercial  condensers  — 
the  resistance  Increases  with  the  time,  during  which  the  circuit  is  c'osed. 

2.  The  resistance  depends  also  on  the  strength  of  the  current  passing 
through  the  condenser,  being  the  smaller,  the  larger  the  current 

The  great  similarity  between  these  results  and  those  obtained  with  com- 
mon batteries,  especially  dry  cells,  was  pointed  out  and  the  conclusion  was 
drawn,  that  in  ordinary  batteries  the  variation  of  the  resistance  depends 
largely  on  the  solvent,  in  which  the  electrolyte  is  contained. 
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Corresponding  experiments  witb  electrolytic  resistances  showed  that 
the  action  of  the  dielectric  inflnenees  the  result,  the  resistance  being  the 
larger  the  slower  the  alternations  of  the  varying  current  and  still  larger 
in  Strond  and  Henderson's  constant  current  method. 

[This  paper  is  printed  in  the  Electrical  Engineer,  Sept.  16,  1897. 


The  graphical  treatment  of  alternating    currents  in  branching 

CIRCUITS  WITH  special  REFKRENCK  TO  THE  CASE  OF  VARIABLE  FRE- 
QUENCY. By  Dr.  Henrt  T.  Eddy,  University  of  Minnesota,  Minne- 
apolis, Minn. 

Suppose  at  first,  for  the  sake  of  simplicity,  that  one  branch  contains  a 
condenser  and  the  other  a  self  inductive  resistance.    Then 

as  is  well  known,  express  the  lead  and  lag  of  the  branches.  These  tan- 
gents of  the  lead  and  lag  may  be  regarded  as  a  special  kind  of  curvilinear 
coordinates  by  which  the  total  current  in  the  two  branches  is  determined ; 
and  the  diagram  In  case  a  series  of  different  constant  values  of  these  co- 
ordinates is  assumed,  consists,  as  appears  from  the  well  known  graphics 
of  the  subject,  of  two  series  of  intersecting  semicircles.  But  the  assump- 
tion of  constant  coordinates  covers  the  case  of  constant  frequency  and  is 
not  usually  of  convenient  application  in  case  the  frequency  varies. 

The  author  has  assumed  the  product  of  the  tangents,  which  is  indepen- 
dent of  the  frequency,  as  a  function  of  the  coordinates  which,  plotted  for 
H  series  of  different  constant  values,  would  yield  a  diagram  such  as  to 
permit  the  easy  study  of  the  total  current  in  many  ca^es  of  variable  fre- 
quency. Tlie  remarkable  properties  of  the  series  of  curves  thus  obtained 
are  treated  at  length  in  this  paper,  and  special  propositions  are  developed 
which  facilitate  their  construction  graphically. 

Next,  for  simplicity,  assume  that  both  branches  contain  a  condenser, 
or  both  an  inductive  resistance.  Then 

or  tan  0    =    — p —  ,  and  tan  0^    =    — ^ — 

Here  the  quotient  of  these  coordinates  is  a  function  independent  of  the 
frequency,  and  the  loci  for  a  series  of  different  constant  values  afford  a 
diagram  of  special  use  in  the  cases  under  consideration.  Thfse  curves, 
i.  e.  those  for  different  constant  ratios  of  the  coordinates,  are  fully  studied 
iu  the  paper. 
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Furthermore,  the  loci  arising  in  cases  In  which  the  product  of  the 
coordinates  and  their  quotient  assumed  constant  is  not  Independent  of  the 
frequency  are  taken  up  for  study  and  fully  treated,  whereby  it  becomes 
possible  to  consider  the  ic^neral  case  of  two  branches  containing  con- 
densers And  inductive  resistances  together,  and  to  analyze  the  effect  of 
variable  frequency  upon  the  total  current,  although  the  case  is  necessa- 
rily much  more  complicated  than  are  the  special  cases  previously  treated. 


On  simple    non- alternating   currents.      By  Prof.  A.   Macfarlanb, 
Lehigh  University,  S.  Bethlehem,  Pa. 

The  simple  alternating  current  is  expressed  by  the  sine  function  A  sin 
nt,  and  in  the  theory  of  the,  subject  many  of  the  results  involve  the 
assumption  that  the  alternating  current  is  of  that  simple  character.  The 
question  arises,  What  is  the  corresponding  simple  non-alternatlug  current? 
At  first  sight  it  looks  like  A  e  ~^,  but  it  is  more  accurately  the  hyperbolic 
siDe  function  A  sink  nt.  The  sine  function  may  be  considered  as  the 
vertical  projection  of  a  uniform  circular  motion;  in  a  similar  manner  the 
hyperbolic  sine  function  is  the  vertical  projection  of  a  motion  along 
the  equilateral  hyperbola  when  eqnul  areas  are  swept  out  by  the  radius- 
vector  in  equal  times.  When  t  becomes  greater,  this  function  becomes 
infinite,  consequently  the  important  case  is  where  tlie  function  is  affected 
by  a  decreasing  exponential  function,  such  as  Ae~~^*  sink  nt  where  r  is 
greater  than  n.  This  is  the  function  which  expresses  the  non-oscillating 
discharge  of  a  condenser.  The  more  general  form  is  ^  e  ""*"'  sink  int  +  <p) 
which  corresponds  to  the  oscillating  discharge 

A  e        sin  (nt-\-  ^). 

Two  oscillating  discharges,  if  they  have  the  same  exponential  factor, 
are  combined  as  two  simple  alternating  currents  having  the  same  period. 
Consider  the  addition  of  two  noii-osci Hating  discharges  having  the  same 
exponential  factor  and  the  same  hyperbolic  period.    The  problem  is  to 

—  ri  rt 

reduce  A  e         sink  nt  -\-  B  e  sink  (nt  +^). 

Sum  =  c"~     <   (A  -{-  B  cosh  f )  sink  nt  -\-  B  sink  tp  cosh  nt  \ 

=  «"^'  V  {A  -\-  B  cosh  ^y  —  (B  sink  ipy  sink  i  nt  +  tanhT^ 
A-^B  coBh  ^  \ 

"•"^^V  A^  +  S'  +  2ABcosh98inhi  nt  +  tanlT^ B«ny_  1 


110  SECTION    B. 


Hence  the  amplitude  Is  \/  A*  -^  B*  +2  A  B  cosh  ^  and  the  hyperbolic 

.      .  .  ,  —  /        B  tinh  4, 

angle  is  nt-{-tanh        A  +  Bco»h^ 

Hence  corresponding  to 

a/  0-{-Bl  <p  =  \/A*  +  B*-\-2ABcos^  I  tan^  ^     '^"/^* 

we  have 

^  /_0  +i?/_  S^  =  V  A^+B*^2  ABcosh  c,  /_  tank- '  -^^J^L±^ 

The  rule  for  the  grapiiical  construction  is  also  different  from  that  for 
the  alternating  case  and  is  as  follows :  ~  On  A  +  B  cosh  <p  as  diameter 
describe  a  semicircle ;  from  the  end  of  the*di:imeter  place  B  sinh  tf  so  that 
its  other  extremity  meets  the  circle;  join  that  point  with  the  other  extrem- 
ity of  tlie  diameter;  the  line  so  found  represents  in  magnitude  and  hyper- 
bolic phase  the  sum  of  the  two  non-alternating  currents. 


Steurosgupig  views  of  spherical  catknakies  and  gyroscopic  curves. 
By  Prof.  A.  G.  Greemhill,  Uoyal  Military  Academy,  Woolwich, 
England. 

I  have  the  honor  to  bring  before  this  section  some  stereoscopic  views 
which  I  beg  to  hand  round.  Those  who  are  interested  in  the  analysis 
will  And  the  mathematicHl  formula  printed  on  the  back.  It  will  be  suffl- 
cleni  to  say  that  .\bel'8  Theory  of  the  Pseudo-Elliptic  Integral  has  been 
utilized  to  construct  some  oases,  as  we  may  call  them,  in  the  desert  of 
elliptic  funciions  required  for  the  general  solution. 

I  would  direct  attention  to  the  tessellated  pavement  which  appears  at  a 
deflnlte  position;  this  represents  for  a  spherical  catenary  the  directrix 
plane,  such  that  the  length  of  chain  hanging  down  to  it  gives  the  appro- 
priate tension  at  any  point. 

rhe  spherical  catenaries  may  be  replaced  by  continuous  flexible  cloth 
reaching  up  to  the  centre  and  thus  representing  an  awning  or  velarium 
on  a  large  scale,  as  the  analysis  required  for  these  two  distinct  problems 
is  the  same. 

A  slight  modification  will  serve  for  an  umbrella  with  straight  ribs ;  but 
the  material  as  seen  here  retains  the  creases,  and  is  not  a  very  accurate 
representation.  I  should  be  grateful  for  a  hint  of  some  material  or  net 
work  more  suitable  for  experimental  illustration;  the  steel-net-chain- 
work  used  for  purses  has  been  suggested  but  I  ff.-ir  it  Is  manufactured  in 
small  pieces  only. 
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It  would  add  to  the  interest  of  the  gyroscopic  carves  if  the  associated 
Poinsot  herpolhode  was  drawn  on  the  pavement.  I  have  been  asked 
whether  it  would  be  possible  to  give  a  mechanical  link  work  representa- 
tion of  the  motion.  Darboux  has  shown  us  how  a  deformable  hyperboloid 
can  be  employed  to  represent  gyroscopic  motion,  provided  a  certain  point 
Is  guided  along  this  herpolhode;  but  the  mechanical  description  of  the 
herpolhode  appears  very  complicated. 

In  The  Physical  Review  som*^  Pliotographic  Traces  of  the  Gyroscopic 
Pendulum  have  been  given  by  Prof.  Merrltt.  I  hope  he  will  take  the  nu- 
merical data  of  these  stereoscopic  views  and  see  how  far  they  may  be  re- 
produced photographically;  friction  will  slls^htly  perturb  the  form,  but 
not  to  a  very  great  extent  It  may  be  hoped. 

Mr.  Dewar  made  ihe  numerical  calculations  and  drew  the  diagrams.  He 
takes  an  ordinary  orthographic  projection  and  lays  of  to  scale  ihc  average 
distance  between  the  eyes :  the  two  stereoscopic  figures  are  then  the  sec- 
tions of  the  two  cones  of  rays  proceeding  from  the  eyes;  guiding  points 
are  set  off  by  compasses  from  varying  centres ;  the  diagrams  are  drawn 
about  three- fold  size,  and  then  reduced  photographically  on  to  the  electro- 
type plate.  Mr.  Dewar  has  lost  an  eye»  and  so  cannot  judge  of  the  solid 
effect,  which  is  generally  considered  very  perfect. 

This  Is  almost  as  pathetic  as  the  case  of  Beethoven  who,  from  his  deaf- 
ness, never  lieard  some  of  his  grandest  compositions. 


Thk  magnetic  survey  of  Makylani)  (first  communication).    By  Dr. 
L.  A.  Bauer,  University  of  Cincinnati,  Cincinnati,  O. 

During  the  summer  of  1896  the  writer  was  authorized  by  the  State 
Geologist  of  Maryland,  Prof.  William  Bullock  Clark,  to  conduct  a  de- 
tailed Magnetic  Survey  of  Maryland.  About  forty  six  stations  were  occu- 
pied between  September  and  December,  1896,  the  three  magnetic  elements 
—  declination,  inclination  and  horizontal  intensity  —  being  generally  ob- 
serve* t. 

In  addition  to  the  funds  provided  by  the  State  Geologist,  the  Association 
made  a  grant  of  $50  to  assist  In  carrying  on  Investigations  In  terrestrial 
magnetism  In  connection  with  the  Magnetic  Survey.  The  instrumental 
equipment  was  loaned  to  the  State  by  the  U.  S.  Coast  and  Geodetic  Sur- 
vey.   The  present  paper  will  give  some  of  the  results  of  the  1896  work. 

Ow^ing  to  the  interest  manifested  throughout  the  State  in  the  Survey, 
and  owing  to  the  practical  bearing  of  the  work  to  the  land  .'surveyor,  the 
Commission  in  charge  of  the  State  Geological  Survey,  decided  to  continue 
the  Survey  in  1897,  special  stress  to  be  laid  on  the  investigation  of  the 
local  disturbances  revealed  by  the  1890  work  In  Central  Maryland.  Some 
of  the  results  from  this  recent  work  will  likewise  be  touched  upon. 

[This  paper  Is  printed  In  Vol.  I,  Part  V,  Maryland  Geological 
Survey.] 
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A   NBW    MBTHOD    OF    DBTBRMININO    THK  SPKCIFIG  HB4T   OP    LIQUIDS.      By 

KOBBRT  L.  LiTCH,  Bethlehem,  Pa. 

Thb  method  has  for  its  basis  two  special  features  :(1 )  obtalniDg  a  known 
amount  of  heat  by  means  of  the  electric  current,  (2)  maintaining  the 
calorimeter  cup  at  a  constant  temperature  during  the  experiment. 

These  two  features  are  Introduced  in  the  following  manner.  A  test- 
tube  of  glass,  with  a  coll  of  platinum  wire  inside,  is  set  into  the  bulb  of 
iin  air  thermometer.  Into  this  tube  is  placed  a  known  amount  of  the 
liquid  whose  specific  heat  is  desired.  Its  temperature  is  that  of  the  room. 
Liquid  of  the  same  sort  is  cooled  in  a  suitable  apparatus  to  a  temperature 
as  near  O^C.  as  possible.  A  current  of  known  strength  Is  pas^^ed  through 
the  coll  in  the  test-tube  and  the  heat  thus  generated  is  neutralized  by 
dropping  a  sufficient  amount  of  liquid  from  the  cooler.  The  calorimeter 
cup  is  thus  maintained  at  a  constant  temperature  and  the  corrections  for 
'*  water  equivalent"  and  '*  radiation  "  are  avoided. 

The  simple  formula 

i^rt 

may  then  be  used  for  calculating  the  specific  heat  where 

8  =  specific  heat 

c  =  current  strength 

r  «  resistance  of  coll 

t   B  time  of  experiment  (In  seconds) 
J   =s  mechanical  equivalent 
m   «  mass  of  liquid  dropped 
T  =s  room  temperature 
r^  =  temperature  of  liquid  dropped 

If  two  similar  calorimeters  with  their  colls  joined  in  series  are  used, 
the  formula  becomes 

«2         r,  '  m/    (T—  To,) 

where  the  subscripts  refer  to  the  two  calorimeters  respectively. 
This  method  is  advantageous  in  that  no  knowledge  Is  required  of  c,  Jot  L 
By  the  first  method  in  the  case  of  water  the  following  results  have  been 
obtained. 

T  s 

18. 8°  .98075 

19.71  .98064 

21.05  .98035 

21.2  .98035 

[This  paper  will  be  printed  in  The  Physical  Review.] 
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Exhibition  ok  instrumknts  for  i>etkrminino  thk  vhkquency  ov  an 
Ai^TERXATiNO  ciTRRKNT.  By  Prof.  GsGUGK  S.  MoLRR  and  Di'.  Fred- 
erick Bkdbll,  Cornell  University,  Ithaca,  N.  Y. 

The  instruments  here  included  are  two  in  number.  The  first  one,  which 
has  already  been  described,*  consists  of  a  small  synchronous  motor  brought 
to  speed  by  a  crank  handle  connected  with  the  motor  by  a  suitable  train 
of  gears.  The  apparatus  contains  an  electrically  operated  speed  counter, 
so  arranged  that  its  reading  gives  the  exact  value  of  the  frequency  of  the 
alternating  current  with  which  the  synchronous  motor  is  supplied.  The 
whole  apparatus  does  not  weigh  over  nine  pounds.  The  rending  is  correct 
to  within  .05  of  an  alternation. 

The  second  instrument  consists  of  a  sonometer  or  monochord.  The  alter- 
natini;  current  flows  through  apiano  wire  mounted  upon  a  sounding  board. 
The  wire  passes  between  the  poles  of  a  permanent  magnet.  By  means  of 
a  sliding  bridge  the  period  of  the  wire  may  be  made  equal  to  that  of  the 
alternating  current.  This  is  indicated  by  the  vibration  of  the  wire.  A 
scale  is  arranged  so  that  the  position  of  the  bridge  indicates  the  frequency 
directly. 


Thk  effect  of  pressure  on  the  wave-lengths  of  lines  of  the  emis- 
sion SPECTRA  OF  elements.  By  Dr.  W.  J.  Humphreys,  Johns  Hop- 
Idns  University,  Baltimore,  Md. 

Increase  of  pressure  about  an  electric  arc  increases  the  wave-lengths 
of  the  spectral  lines  so  produced.  This  increase  is  different  for  different 
elements,  and  also  for  different  series  of  lines  of  the  same  element.  It  is 
proportional  to  the  wave-length  of  the  line  itself,  and  is  a  periodic  func- 
tion of  atomic  weight  and  consequently  may  he  compared  directly  with 
any  other  property  of  the  elements  which  itself  is  a  periodic  function  of 
their  atomic  wei*£hts. 


A  new  form  of  coal  calorimetek.    By  Chahlks  L.  Nohton,  Massa- 
cha^etts  Institute  of  Technology,  Boston,  Mass. 

ICommunicated  by  the  Secretary.'] 

The  apparatus  devised  by  the  writer,  and  developed  under  his  direction 
by  students  as  thesis  work,  is  intended  to  provide  a  means  by  which  an 
engineer  as  well  as  a  physicist  may  determine  the  heat  of  combustion  of 

1  See  "  A  Synchronoui*  Motor  for  Determining  the  Fre(|uency  of  an  Alternating 
Current,"  by  George  8.  Moler,  Physical  Review,  March- April,  1897. 
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a  fael  to  an  accuracy  of  one-half  of  one  per  cent.  Owing  to  difficulty  of 
manipulation,  the  forms  of  apparatus  which  require  the  use  of  oxygen 
under  high  pressure  are  not  suitable  for  this  use.  The  type  of  Apparatus 
which  uses  oxygen  under  a  pressure  about  that  of  the  atmosphere  h»8 
been  carefully  studied  and  alterations  have  been  made  to  assure  complete- 
ness of  comi)ustion,  certainty  of  ignition  and  freedom  from  accidental 
losses  of  heat.  The  results  of  these  changes  are  embodied  in  the  designs 
for  a  new  form  of  calorimeter. 

[This  paper  will  be  printed  in  the  Electrical  Engineer,  and  the  Engi- 
neering Record.] 


Notes  on  the  history  of  musical  pitch  in  the  United  States.  By 
Prof.  Charles  R.  Cross,  Massachusetts  Institute  of  Technology, 
Doston,  Mass. 

At  the  Boston  meeting  of  the  A.  A.  A.  S.  (1880),  a  paper  was  read  by 
the  author  of  the  present  one,  containing  the  result  of  an  extended  series 
of  measurements  of  such  tuning- forlcs,  reeds  and  other  standards  of 
pitch  used  in  this  country  as  were  accessible.  Thi^  was  the  earliest 
series  of  measurements  of  ihe  kind  made  in  the  United  States. 

The  present  paper  contains  the  results  of  several  hundred  ratings  of 
tuning-forlis  giving  the  standard  pitch  used  by  various  piano  and  organ 
maimers.  These  were  sent  by  the  manufacturers  to  a  committee  of  the 
American  Piano  and  Organ  Manufacturers'  Association,  and  transmitted 
by  the  late  Gov.  L.  K.  Fuller,  of  that  committee,  to  the  writer,  by  whom 
they  were  rated.    The  final  ratings  have  not  hitherto  been  made  pu1)llc. 

The  greater  portion  of  the  forlcs  were  at  the  pitch  C^,  but  a  number 
were  A;,  forks.  Most  of  them  were  of  the  size  and  pattern  ordinarily 
used  by  tuners.  They  were  rated  by  comparison  with  a  Schelbler  to- 
nometer made  by  Koenig.  In  all  cases  a  comparison  was  made  with  at 
least  two  of  the  tonometer  forks,  and  usually  with  a  greater  number.  In 
general,  Ave  comparisons  were  made  Avith  each  fork.  The  figure  given 
is  the  mean  of  all  the  comparisons. 


A  method  fo«  the  harmonic  analysis  of  alternating  currents. 
By  Prof.  Frank  A.  Laws,  Massachusetts  Institute  of  Technology, 
Boston,  Mass. 

ICommunicated  by  the  Secretary.'] 

The  method  consists  in  determinins:  the  maximum  mean  product  of 
the  current  to  be  analyzed  and  a  sinusoidal  current,  1,  2,  8,  4,  etc.,  times 
its  periodicity. 
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The  inteirration  Is  effected  by  an  electro  dynamometer,  the  current  sub- 
ject to  analysis  flowing  in  the  stationary  coll  and  the  sinusoidal  current  in 
the  movable  coil. 

Arrangements  are  made  for  determining  the  phase  and  the  sign  of  tlie 
components. 


Thb  dbtkrmination  of  thk  sukfacb  tensions  of  watek  and  of  cer- 
tain  DILUTE    AQUEOUS    SOLUTIONS    BY    MEANS    OF    THE    METHOD    OF 

RIPPLES.     By  Dr.  N.   Ernest  Dorsey,  John  Hopkins  University 
Baltimore,  Md.  ^ 

The  apparatus  employed  Is  a  development  of  that  used  by  Lord  Ray- 
lelgh.  The  solution  Is  contained  in  a  porcelain  developing  tra]/^  2.5  by  29 
by  36  centimeters,  and  the  waves  are  generated  by  means  of  a  plate  of 
glass  attached  to  the  lower  prong  of  a  large  tuning-fork.  By  the  side  of 
the  tray  is  placed  a  dividing  engine  which  Is  horizontal  and  parallel  to  the 
direction  of  propagation  of  the  waves,  and  to  whose  carriage  are  at- 
tached two  arms  which  project  over  the  tray  and  which  carry  metallic 
mirrors  at  their  further  end ;  on  the  carriage  Is  mounted  a  telescope  also. 
By  means  of  these  mirrors  a  horizontal  beam  of  parallel  light,  that  passes 
above  the  surface  of  the  solution  and  Is  parallel  to  the  engine,  is  reflected 
to  the  surface  and  then  back  and  Into  the  telescope.  This  beam  of  light 
is  rendered  intermittent  and  Isopcrlodlc  with  the  waves  by  being  passed 
through  holes  In  two  light  blades  of  copper  attached  to  the  extremities  of 
the  prongs  of  another  large  fork  whose  vibrations  are  mnlntalned  electro- 
magnetlcally  and  which  is  tuned  to  unison  with  the  flrst.  The  fork  that 
generates  the  waves  is  driven  by  means  of  a  current  shunted  off  from  the 
circuit  of  the  other  fork.  Now  when  the  forks  are  vibrating  and  the 
telescope  Is  f ocussed  for  the  light  reflected  from  the  crests  of  the  waves, 
Its  field  will  be  crossed  by  a  series  of  parallel  bright  lines  which  corre- 
spond to  the  crests.  Hence  the  wave  length  can  be  easily  measured  with 
the  dividing  engine.  The  rigidity  of  the  mirror  mountings,  the  accuracy 
of  the  ways,  and  the  effect  of  viscosity  were  tested  experimentally  and 
found  to  be  such  as  to  produce  no  effect  on  the  wave  length. 

In  the  series  of  twenty- one  determinations  of  the  surface  tension  of 
water  the  average  was  73.24  dynes  per  centimeter  at  18® C,  and  the  aver- 
age deviation  of  a  single  observation  from  this  mean  was  only  one-fifth 
of  one  per  cent.  The  concentrations  of  the  solutions  have  been  varied 
from  one-tenth  normal  to  normal,  and  in  this  region  the  surface  tension 
Is  a  linear  function  of  the  concentration,  and  the  values  found  agree  in 
most  cases  with  those  obtained  by  others. 

[A  full  account  of  the  work  will  be  found  In  the  Physical  Review  for 
September  and  October.] 
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The  8ERIB8  OF  INTERNATIONAL  CLOUD  OBSERVATIONS  MADE  BY  THE  U.  S. 

Weather  Bureau,  and  their  relations  to  mkteorological  prob- 
lems. By  Prof.  Frank  H.  Bioelow,  U.  S.  Weather  Bureau,  Wash- 
ington, D.  C. 

A  brief  statement  of  the  methods  of  observing  the  heights,  the  direc- 
tion and  velocity  of  motion  of  clouds,  at  the  Washington  primary  station 
with  alt-azimuth  instruments,  and  at  fourteen  secondary  stations  with 
nephoscopes,  was  made  as  an  introduction  to  the  main  portion  of  the  sub- 
ject. Then  an  account  was  given  of  the  construction  of  the  general 
equations  of  motion  applicable  to  the  atmosphere  over  a  hemisphere  of 
the  earth,  and  the  resulting  circulation  of  the  air,  with  cold  polar  and  warm 
tropical  regions,  as  deduced  by  Ferrel.  The  equations  of  motion  for  local 
circulation,  such  as  occurs  in  cyclones  a,^d  anti-cyclones,  as  deduced  by 
Ferrel,  Sprung,  Guldberg  and  Mohn,  Oberbeck,  and  by  Pockets,  in  their 
respective  papers,  were  leviewed,  showing  the  assumptions  laid  at  the 
basis  of  their  solution  of  the  differential  equations.  A  series  of  ciitl- 
clsms  followed  tending  to  prove  that  these  solutions  are  ideal  rather  than 
true  representatives  of  the  natural  phenomena,  and  that  the  popular 
theory  of  storms,  deriving  them  from  the  convection  of  a  vertical  central 
current  and  the  lat^-nt  heat  of  precipitation,  is  very  faulty.  For  (I)  the 
equations  imply  a  conservative  circulation  using  the  same  air  over  and 
over  again,  but  the  cloud  movements  indicate  a  streaming  of  fresh 
material  in  a  cyclical  circulation  through  a  flxeil  configuration  of  iso- 
bars; (2)  the  warm  centre  is  not  justified  because  the  isothermals  in 
West  Indies  hurricanes  are  not  circular  about  a  centre  but  pass  nearly 
straight  across,  and  in  the  cyclones  of  the  United  States  they  are  mere- 
ly deflected  by  counter  currents  of  cold  and  warm  air  impinging  along 
the  axis  or  the  cyclone;  (3)  the  latent  heat  theory  is  not  necessary 
because  dry  cyclones,  with  deep  depressions  of  the  isobars,  originate  in 
Alberta  and  traverse  the  Lake  Region  to  the  Gulf  of  St.  Lawrence,  last- 
ing several  days,  moving  3000  miles  and  yet  with  little  rainfall.  The  cloud 
observations  indicate  that  the  active  part  of  stormsi  is  confined  to  the 
lower  strata  of  the  atmosphere  within  three  miles  of  the  ground,  that 
Ferrel's  general  circulation  holds  true,  except  for  slight  deflections,  above 
the  3-mile  level ;  that  the  lower  strata  are  disturbed  by  the  existing  tem- 
perature gradients  over  the  oceans  and  continents,  which  tend  to  reduce 
the  general  stream  lines  to  local  vortices ;  and  that  the  speed  of  the  east- 
ward drift  in  mid  latitudes  is  slowed  down  by  local  breaks  in  the  gen- 
eral gradients,  this  also  contributing  to  form  cyclonic  vortices.  The 
author  expressed  the  opinion,  that  defective  general  gradients,  and  the 
counter  flows  from  adjacent  highs,  are  chiefly  concerned  in  producing 
lows,  and  that  the  latter  are  strictly  dependent  upon  the  general  circula- 
tion for  their  power,  rather  than  upon  any  local  overheating  effects,  such 
as  Ferrel  sought  to  rest  upon  in  his  discussion  of  cyclones.  Tornadoes 
and  small  vortices  may,  perhaps,  be  the  only  instances  of  true  cyclones 
with  warm  centres  in  the  atmosphere.  The  paper  was  illustrated  with  a 
number  of  diagrams. 
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Kites  and  theik  use  by  the  Weather  Bureau  in  explorations  of 
THE  UPPER  AIR.  Bj  C  F.  Marvin,  ProfessoF  of  Meteorology,  U.  8. 
Weather  Bureau. 

I.  Brief  historical  mention  of  the  use  of  kites  as  a  piece  of  scien- 
tific apparatus. 

2  The  investigations  to  determine  the  availability  of  kites  in  the  daily 
work  of  the  Weather  Bureau  as  inaugurated  by  Prof.  Willis  L.  Moore : 
first,  the  development  of  mechanically  sound  and  scientific  methods  of 
flying  kites  in  the  most  effective  manner;  second,  improving  and  perfect- 
ing the  form  and  body  of  the  kite ;  and,  lastly,  the  invention  of  automatic 
meteorological  instruments  adapted  to  he  borne  aloft  by  the  kites  and 
secure  accurate  and  trustworthy  reconls  of  the  velocity  and  direction  of 
the  wind,  the  temperature,  pressure,  and  humidity  of  the  air,  etc. 

3.  General  Htatement  of  the  mechanical  laws  of  the  flight  of  kites  and 
explanation  of  their  behavior. 

4.  Circumstances  under  which  the  most  eflScient  action  results. 

5.  The  gratifying  nature  of  the  observations  thus  (ar  obtained  and 
their  value  in  respect  to  the  forecast  work  of  the  Weather  Bureau. 

6.  The  deep  interest  in  the  investigations  with  kites  shown  by  the 
Honorable  James  Wilson,  Secretary  of  Agriculture,  and  the  steps  being 
taken  to  extend  the  work  so  that  daily  charts  of  the  atmospheric  condi- 
tions may  be  made,  not  only  at  the  surface,  but  upon  an  imaginary  plane 
in  the  free  air  at  an  elevation  of  from  one  to  two  miles  or  more. 

7.  Concluding  remarks. 


The  EFFBcrs  of  tension  and  quality  of  the  metal  upon  the  changes 
in  length  produced  in  iron  wires  by  magnktization.  By  Dr. 
B.  B.  Bracketf,  Union  College,  Schenectady,  N.  Y. 

Aix  the  specimens  of  iron  wire  experimented  upon  were  about  2  m. 
long  and  1.25  mm.  in  diameter.  Whll»  under  test  a  wire  was  suspended 
vertically  so  that  tension  could  be  applied  by  weights  attached  to  its  lower 
end.  The  variations  in  the  length  of  70  cm.  of  the  wire  within  the  sole- 
noid was  then  observed  by  means  of  mechanism,  employing  a  lever  and 
tilting  mirror,  in  such  a  way  as  to  magnify  the  actual  changes  about  25,000 

dl 
times,  and  hence  to  give  readings  for  -j  multiplied  by  1,750,000. 

The  changes  in  length  caused  by  a  deflnite  magnetizing  field  were  read 
both  with  the  field  on  and  after  it  had  been  removed. 
Results  obtained  :— 

1.      NATURAL  piano-wire. 

No  change  of  length  was  observed  until  the  fields  were  reached  at  which 
the  magnetization  rises  rapidly.    Changes  in  length  were  first  observed 
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when  the  field  was  removed.  This  was  an  elongation  and  the  length  of 
the  wire  with  the  field  off  continued  to  Increase  up  to  the  field  strengths 
at  which  the  Induction  curve  turns  towards  the  horizontal.  From  that 
point  on,  the  wires  were  permanently  elongated  with  the  field  off.  But 
this  value  of  —  did   not  exceed  8.6  X   10—'.     At  a  very  short  distance 

beyond  the  point  where  the  wire  begins  to  lengthen  as  the  current  Is 
broken,  It  shows  Its  first  change  of  length  with  the  field  on,  by  beginning 
to  contract.  From  this  point  on  to  the  end,  the  wire  contracts  with  the 
field  on  alid  the  contraction  Increases  apparently  In  direct  proportion  to 

the  field  until  at  the  end,  for  a  field  of  800,  —  equals  about  30  X  10"'. 

The  curves  for  the  different  tensions  differ  but  little. 

2.      ANNEALED    PIANO-WIRB. 

This  showed  elongations  with  the  fields  l)oth  on  and  off  up  to  the  point 
where  the  Induction  curve  turns  toward  the  horizontal.  The  elongations 
here  are  greater  with  the  field  off  than  when  It  Is  on.  Not  far  from  the 
turning  point  of  the  Induction  curve,  the  elongations  with  the  field  off 

cease  to  show  any  change,  this  value  of  —  not  exceeding  7  X  10~'.     At 

about  the  same  point  the  curve  with  field  on  begins  to  descend  along  a 
nearly  straight  line,  just  as  It  did  before  the  annealing.  But  here  the  con- 
traction Is  more  rapid,  the  slope  for  the  straight  part  of  the  curves,  as 
plotted  to  field,  being  nearly  60  per  cent  greater  than  before  annealing. 
Increased  tension  does  not  afi'ect  the  general  shape  of  the  curves.  But 
It  dlmlnlslies  the  amount  of  the  elongation  and  Increases  the  final  contrac- 
tion with  field  on,  while  It  causes  both  elongation  and  contraction  to  begin 
at  weaker  fields. 

3.      SOFT   ANNRALBD   WIRE. 

The  curves  for  very  soft  wire  are  In  general  exactly  like  tliose  for  the 
annealed  piano-wire,  except  that  the  changes  of  length  are  very  much 
greater,  and  in  some  cases  for  weal<  fields  and  slight  tension,  the  wire 
shortens  when  the  field  Is  removed  But  finally  the  elongation  with  the 
field  off  becomes  as  great  as  or  even  greater  than  the  maximum  elongation 
with  the  field  on.  After  this  the  length  tends  to  remain  constant  until  the 
end  of  the  experiment.    This  permanent  lengthening  for  the  soft  Iron  gave 

a  value  of  —  as  great  as  33  X  10"'  for  the  least  tensions  used.      The 

straight  portion  of  the  curves  with  field  on  shows  a  contraction  that  Is 
much  more  rapid  than  for  annealed  piano- wire 

Increased  tension  showed  exactly  the  same  effects  as  upon  the  annealed 
piano-wire,  though  the  amount  of  the  changes  due  to  tension  was  much 
greater. 

CONCLUSIONS. 

All  the  phenomena  observed  can  apparently  be  explained  by  the  fol- 
lowing : — 
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1.  An  elongation  depending  upon  the  degree  of  magnetization. 

2.  A  contraction  proportional  to  the  magnetizing  field. 

3.  An  increase  in  Young's  Modulus  also  dependent  upon  the  degree  of 
ma;;netlzation. 

[  This  paper  will  be  printed  in  The  Physical  Review.] 


The  measurement   of   small  gaseous    pressukes.      By    Charles   F. 
Brush,  Cleveland,  Ohio. 

Prior  to  the  invention  of  the  McLeod  vacuum  gauge,  the  measurement 
of  even  moderately  small  gaseous  pressures  was  difficult,  and  subject  to 
large  errors.  The  introduction  of  the  McLeod  gauge,  however,  seemed  to 
solve  the  problem.  In  its  ordinary  form,  the  chief  cause  of  difficulty  is 
the  unequal  and  variable  capillary  depression  of  the  two  small  columns 
of  mercury,  whose  difference  in  height  indirectly  serves  as  the  measure  of 
pressure. 

For  an  accurate  means  for  measuring  small  pressures  I  constructed  the 
modified  form  of  McLeod  gauge,  whlcli  it  is  the  purpose  of  this  paper  to 
discuss. 

The  diagram,  herewith,  shows  the  essential  parts  of  my  apparatus. 
The  bulb  A,  of  the  gauge,  Is  made  conical  in  its  upper  pai*t  to  avoid  ad- 
hesion of  gas  bubbles  when  the  mercury  rises.  This  bulb  holds  about 
eleven  pounds  of  mercury.  B  and  C  are  the  gauge  head  and  comparison 
tube  respectively.  They  are  nearly  twenty  millimeters  inside  diameter, 
and  are  made  from  conti«;uoii3  parts  of  the  same  carefully  selected  tube. 
D  is  the  usual  air  crap,  and  £  is  a  long  glass  tube,  with  flexible  pure 
rubber  connections  to  the  lower  end  of  the  gauge  stem,  and  the  mercury 
cistern  F.  The  latter  is  mounted  on  a  carriage  G,  which  moves  verti- 
cally on  fixed  guides.  The  height  of  the  carriage  is  adjustable,  at  the 
upper  end  of  its  range  of  motion,  by  means  of  the  screw  H,  thumb-nut  I, 
and  forked  support  K.  The  screw  Is  pivoted  to  the  carriage,  so  that  it 
may  swing  out  of  the  fork  when  the  carriage  is  lowered.  L  is  a  pinch- 
cock  with  screw,  for  regulating  the  flow  of  mercury,  or  stopping  it  al- 
together, while  pumping  out  the  trap  D.  N  is  a  bulb  containing  phos- 
phorus pentoxide,  to  keep  the  interior  of  the  gauge  and  other  parts  of 
the  apparatus  perfectly  dry.  P  is  a  cathetometer  for  observing  the 
mercury  columns  in  B  and  C.  It  has  a  revolving  column  with  vertical 
scale,  and  vernier  with  microscope,  reading  to  hundredths  of  a  millimeter. 
The  eye-piece  micrometer  reads  directly  to  hundredths  of  a  millimeter, 
and  the  divisions  on  the  revolving  head  of  the  screw  are  so  open,  that 
tenths  of  divisions  are  easily  and  certainly  estimated  by  an  experienced 
eye;  thus  permitting  the  micrometer  to  be  read  directly  to  thousandths  of 
a  millimeter.  Of  course  the  cathetometer  is  permanently  located  not  as 
shown,  but  with  the  objective  of  its  telescope  equally  distant  from  the 
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axes  of  the  tubes  B  and  C,  when  it  is  alternately  directed  to  them ;  and  at 
such  a  distance  that  its  micrometer  readings  correspond  to  a  millimeter 
scale. 

The  most  important  part  of  the  gauge  is  the  head  B.  The  purpose  of 
its  great  diameter  is  ihe  reduction  of  capillary  depression  in  its  mercury 
column.  But  its  size  necessitates  a  very  close  approach  of  the  mercury 
to  its  upper  end,  in  order  sufficiently  to  reduce  its  capacity.  Yet  the  re- 
maining space  must  be  measurable  by  the  cathetometer,  with  the  utmost 
precibion.  Hence  the  glass  must  not  be  distorted  by  heating,  and  the 
closed  end  Just  over  the  mercury  must  be  sharply  defined.  In  construct- 
ing this  part  of  the  apparatus,  I  selected  a  piece  of  heavy  tubing  which 
would  just  slip  inside  of  B,  with  the  least  possible  clearance.  One  end  of 
this  tube  was  closed  as  squarely  as  possible  by  fusion,  and  then  ground, 
with  fine  emery  and  a  suitable  tool,  to  a  convex  spherical  surface  of  long 
radius.  Care  was  taken  to  make  the  center  of  curvature  lie  in  the  axis  of 
the  tube,  and  the  ground  surface  was  left  unpolished  to  facilitate  obser- 
vation. A  suitable  length  of  the  closed  end  of  the  tube  was  then  cut  off, 
slipped  into  B,  and  both  tubes  were  fused  together  at  their  open  ends,  as 
shown. 

For  calibrating  the  head  B,  a  ground  glass  stopper  with  a  capillary 
duct  was  fitted  to  its  neck,  before  the  latter  was  sealed  to  the  bulb  A. 
The  head  was  then  filled  with  mercury  by  boiling,  thus  completely  filling 
the  small  space  between  its  wall  and  the  cap.  After  cooling,  the  stopper 
was  inserted  to  expel  all  excess  of  mercury,  and  the  whole  weighed.  Next 
the  head  was  emptied,  and  the  mercury  in  the  annular  space  distilled  out. 
Again  the  head  was  very  nearly  filled  with  mercury,  without  allowing  any 
to  get  into  the  annular  space,  and  weighed  as  before ;  and  the  space  be- 
tween the  top  of  the  mercury  and  the  convex  end  of  the  head  was  very 
carefully  measured  by  the  cathetometer.  This  process  of  weighing  and 
measuring  was  repeated  several  times,  with  less  mercury  each  time.  Thus 
the  capacity  of  a  vertical  millimeter  of  the  head  was  ascertained,  as  well 
as  the  capacity  that  would  remain,  if  the  top  of  the  meniscus  of  mercury 
just  touched  the  convex  end  of  the  gauge,  above  it.  Finally  the  neck  was 
sealed  to  the  bulb  A  and  the  capacity  of  head,  neck  and  bulb  combined, 
was  found  by  weighing  them  empty,  and  again  filled  with  mercury. 

For  lighting  the  top  of  each  mercury  column,  a  narrow  horizontal  slit, 
in  an  opaque  screen  K,  is  used.  The  slit  is  covered  with  a  strip  of  ground 
glass,  and  obliquely  illuminated  by  an  electric  lamp.  The  screen  and  slit 
are  vertically  adjusted  by  a  thumb  screw  S.  The  heat  of  the  lamp  is  pre- 
vented from  reaching  the  mercury  columns,  and  head  B,  by  a  thick  screen. 
This  is  very  necessary. 

In  order  to  get  the  best  results  from  the  apparatus,  many  precautions 
are  necessary.  After  filling  A  and  B  with  mercury,  time  must  be  allowed 
for  the  compressed  gas  to  cool.  The  efl'ect  of  changing  barometric  press- 
ure is  nearly  eliminated  by  so  regulating  the  quantity  of  mercury  in  P, 
that  its  surface  is  in  the  small  tube  at  the  bottom  of  the  cistern,  when 
the  gauge  is  properly  filled.    Its  area  is  then  very  small,  as  compared  with 
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that  in  B  and  C.  The  height  of  the  meniscus  in  both  tnbes  is  easily  ad- 
justed sensibly  eqaal,  by  a  little  manipulation.  I  always  raise  the  mer- 
cury above  the  point  at  which  readings  are  to  be  taken,  and  then  lower  it, 
so  as  to  read  on  a  falling  meniscus.    This  Is  highly  important. 

Some  trouble  was  occasionally  experienced  at  first,  from  electro-static 
induction  between  the  mercury  in  B,  ami  the  glass  above  it.  This  was 
shown  by  distortion  of  the  meniscus  when  it  was  brought  very  near  the 
glass.  The  difficulty  was  partially,  but  not  wholly  remedied,  by  putting 
mercury  In  the  outsi«le  open  end  of  the  gauge  head,  and  connecting  it  by 
a  flexli>le  conductor  with  the  mercury  in  the  cistern  F.  A  complete  rem- 
edy was  effected,  by  moistening  the  inside  of  the  gauge  head  with  a  dilute 
solution  of  phosphorus  pentoxide.  This  became  completely  dried  by  the 
anhydrous  phosphorus  pentoxide  in  N,  but  was  of  course  not  dehydrated; 
and  hence  always  remains  conducting,  and  dissipates  static  charge. 

Large  pressures,  up  to  a  thousand  mllllonths  or  more,  are  readily  meas- 
ured with  this  apparatus,  by  finding  with  the  cathetometer  the  distance 
between  the  mercury  in  B,  and  the  end  of  the  head  above  it :  from  this  is 
quickly  calculated  the  necessary  multiplier  for  the  number  of  millimeters 
diflterence  In  height  between  the  columns  in  B  and  C,  also  measured  by  the 
cathetometer,  in  order  to  express  the  result  in  mllllonths.  For  very  small 
pressures,  the  micrometer  wires  are  set  at  such  a  distance  apart,  as  to 
give  a  convenient  constant  (usually  2) ;  and  the  column  in  B  is  adjusted 
this  distance  awuy  from  the  glass ;  careful  allowance  being  made  for  the 
thickness  of  the  wires.  Then  the  micrometer  is  used  for  repeated  meas- 
urements of  the  difference  in  height  of  the  mercury  in  B  and  C.  The  dis- 
turbing efi*ect  of  bias  is  entirely  eliminated  by  giving  the  micrometer  screw 
a  partial  turn  after  each  reading. 

In  H  sample  set  of  thirty  readings,  the  calculated  probable  error  of  the 
thirty  readings  taken  together  was  less  than  a  thousandth  part  of  a  mil- 
lionth of  atmospheric  pressure.  The  probable  error  of  the  three  menu 
results,  considered  as  single  readings,  is  only  eleven  hundredths  of  a  unit 
in  the  third  decimal  place  of  milliontlis.  The  net  result  may  be  expres^^ed 
as  follows,  ill  terms  of  atmospheric  pressure :  considered  as  thirty  measure- 
ments, 0.000  000  4.J4  60  ±  0.000  000  000  92 ;  considered  as  three  measure- 
ments, 0.000000  434  60±0.000  000  000  11.  Here  we  have  the  measurement 
of  a  total  quantity  of  less  than  half  a  millionth  of  atmospheric  pressure, 
with  a  probable  error  of  only  about  a  fifth  of  one  per  cent  of  the  quan- 
tity measured. 

In  another  example,  we  have  the  measurement  of  about  two  milUonths 
of  atmospheric  pressure,  with  a  probable  error  of  only  one  part  in  three 
thousand,  of  the  quantity  measured.  From  the  foregoing,  we  may  safely 
conclude  that,  with  the  apparatus  described,  small  gaseous  pressures  may 
be  easily  measureil,  with  a  probable  error  of  less  than  a  thousandth  part 
of  a  millionth  of  atmospheric  pressure. 

[This  paper  is  printed  in  the  Philosophical  Magazine.] 
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On  thk  coefficient  of  expansion  of  certain  oases.    By  Prof.  Ed- 
ward W.  MoRLBY  and  Prof.  Dayton  C.  Miller,  Cleveland,  Ohio. 

The  coefficients  of  expansion  of  hydrogen,  nitrogen  and  carbon  diox- 
ide have  been  determined  by  the  International  Bareau  of  Weights  and 
Measures  with  great  precision,  the  experiments  having  been  undertaken 
in  connection  with  investigations  on  the  air-thermometer.  The  coefficients 
of  a  few  other  gases  have  been  determined  with  much  less  precision,  while 
those  of  many  gases  have  not  been  determined  at  all.  The  method  used 
in  the  experiments  here  described  Is  a  differential  one  in  which  the  expan- 
sion of  the  unknown  gas  is  compared  with  that  of  hydrogen. 

Two  glass  globes  of  five  liters  capacity  are  to  be  either  packed  in  ice  or 
subjected  to  a  f«team  bath.  These  globes  can  be  connected  by  glass  joints 
to  the  air  pumps  and  the  gas  generators,  or  can  be  sealed  by  fusion  at 
pleasure.  They  are  also  connected  by  symmetrical  capillary  glass  tubes, 
to  a  differential  mercury  manometer,  having  mercury  columns  twenty-flve 
millimeters  in  diameter.  By  means  of  a  suitable  cathetometcr  and  illumin- 
atin«r  device,  the  difference  in  the  heights  of  the  mercury  columns  can  be 
read  with  certainty,  to  less  than  the  hundredth  of  a  millimeter. 

Both  globes  were  exhausted  and  filled  with  hydrogen  to  seventy-six 
centimeters  pressure,  and  subjected  to  the  ice  and  steam  baths  alternately, 
to  enable  us  to  study  the  behavior  of  the  globes  themselves.  Then  the 
hydrogen  was  removed  from  one  globe  and  another  gas  was  introduced  at 
very  nearly  the  same  pressure.  By  again  surrounding  the  globes  with 
ice  and  steam  alternately,  the  expansion  of  this  unknown  gas  as  compared 
with  thiit  of  the  hydrogen,  which  was  in  this  same  globe  under  similar 
condition,  was  determined  by  comparisons  with  the  hydrogen  in  the  "  com- 
paring globe,"  which  is  not  disturbed  during  the  whole  series  of  experi- . 
ments. 

Using  this  method  three  series  of  measurements  were  made  of  the  ex- 
pansions of  oxygen,  nitrogen,  carbon  dioxide  and  air.  Other  gases  are  to 
be  experimented  upon  in  the  future.  The  results  so  far  obtained  are,  the 
coefficient  of  hydrogen  being  assumed  ati  0.0036625,  that  of  carbondioxide 
is  0.003712,  of  oxygen  0.003673,  of  nitrogen  0.003672,  of  air  0.003672. 


Note  on  thk  construction   of  a    sensitive  radiometer.     By  I'rof. 
Ernest  Fox  Nichols,  Colgate  University,  Hamilton,  N.  Y. 

In  this  paper  the  construction  of  a  new  form  of  compensating  torsion 
radiometer,  used  recently  in  a  number  of  researches  in  the  remote  infra- 
red spectrum,  was  described  in  detail.  The  instrument  is  capable  of  a 
higher  degree  of  sensitiveness  than  either  the  spectro-bolometeror  linear 
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thermopile.  A  steadiness  of  action  and  freedom  from  extraneous  dis- 
tarbances,  when  working  at  high  sensitiveness,  are  secured  by  means 
of  the  compensating  action  of  two  precisely  equal  vanes  symmetrically 
mounted  on  either  side  of  the  axis  of  a  quartz  fiber  suspension.  The  sys- 
tem, in  consequence,  Is  acted  upon  differentially  by  all  accidental  disturb- 
ances, while  rays  to  be  measured  are  concentrated  upon  one  of  the  vanes. 
The  degree  of  sensitiveness  actually  attained  in  one  instance  was  so  great 
that  the  influence  of  rays  from  a  single  candle,  at  a  distance  of  one-third 
of  a  mile,  could  be  detected  and  roughly  measured. 


The  ph«»tooraphy  of   manombtric   flames.    By    Prof.    Edwaiid   L. 
Nichols  and  Prof.   Ernest  Merritt,   Cornell  University,  Ithaca, 

N.  Y. 

The  manometric  flame  used  in  this  investigation  was  similar  to  that 
employed  by  Merritt  in  1898*.  Acetylene  g&s  was,  however,  substituted 
for  the  enriched  coal  ;;as  used  in  the  former  experiments.  This  gave  a 
flame  of  fsreat  actinic  brightness.  Instead  of  a  glass  plate  shot  past 
a  slit  in  the  camera,  celluloid  films  were  used.  These  were  mounted  upon 
a  drum  110  cm.  in  circumference.  The  drum,  which  was  driven  by  means 
of  an  electric  motor,  was  given  a  nearly  uniform  speed  of  about  1  m.  per 
second.  The  photographs  obtained  were  used  in  the  study  of  the  follow- 
ing points : 

First,  for  the  comparison  of  the  motion  of  the  flame  produced  by  initial 
consonants,  followed  by  various  vowels,  with  the  movements  produced  by 
the  same  consonant  when  occurring  in  the  middle  of  a  word  or  at  the  end. 

Secondly,  to  determine  in  how  far  small  differences  of  speech  show 
themselves  in  the  flame  photographs. 

Thirdly,  to  bring  out  the  gradual  change  in  quality  of  vowel  sounds  as 
the  organs  of  speech  are  modified  in  articulation.  It  was  found  that  the 
records  produced  by  consonants  were  very  insignificant  as  compared  with 
those  produced  by  vowel  sounds,  and  that  in  many  cases  it  was  difficult 
to  distinguish  between  the  cessation  of  motion  of  the  flame  during  the 
enunciation  of  a  consonant  in  the  middle  of  a  word  and  the  pause  occur- 
ring between  successive  words  in  a  spoken  sentence.  The  records  obtained 
were,  however,  sufficiently  definite  to  indicate  that  this  method  might  be 
of  great  use  in  the  graphical  study  of  phonetics.  Not  only  are  differences 
of  dialect  easily  distinguishable  in  the  records,  but  likewise  differences  in 
the  individual  voices  of  those  speaking  the  same  dialect. 

1  Phyelcal  Review,  Vol.  1,  p.  186. 
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On  th«  electrostatic  capacity  of  a  two-wire  cablk.     By  Prof.  G. 
W.  Pattersok,  Jr.,  University  of  Michigan,  Ann  Arbor,  Mich. 

(Read  in  Jmnt-SesHon  trith  Section  A.) 
"  The  electrostatic  capacity  of  a  cable  made  of  two  eqaal  wires  is 

0.01206^  K 

^^W4Rd  +  d*  —  d 

microfarads  per  kilometer,  when  K  is  the  specific  inductive  capacity  of 
the  dielectric,  R  the  radius  of  each  conductor,  and  d  the  least  distance 
bet-ween  them  and  common  logarithms  are  to  be  used." 
[This  paper  will  be  printed  in  the  Physical  Review.] 


The  tkbatmrnt  of  differrntial  equations  by  approximate  methods. 
By  Prof.  W.  F.  Duramu,  Ithaca,  N.  Y. 

(Read  in  Joint-Session  with  Section  A.) 

[For  Abstract,  see  Proceedings  Section  A.] 


A   NKW   MKTHOD   OK   SOLVING  CERTAIN   DIFFERENTIAL  EQUATIONS  THAT  OC- 
CUR IN  MATHEMATICAL  PHYSICS.      By  Prof.  ALEXANDER  MaCFAKLANE, 

Lehigh  University,  So.  Bethlehem,  Pa. 

(Read  in  JoitU- Session  ttith  Section  A.) 

[For  Abstract,  see  Proceedings  Section  A.] 


On  the  katk  at  which  hot  glass  absorbs  supekheated  water     By 
Prof.  Carl  Barus,  Brown  University,  Providence,  R.  I. 

If  water  under  pressure  is  heated  in  glass  tubes,  the  volume  of  water 
contained  decreases  as  the  square,  whereas,  the  chemically  active  area  de- 
creases as  the  first  power  of  the  diameter.  In  proportion  as  the  tube  Is 
more  capillary,  the  action  of  the  water  on  the  glass  produces  accentuated 
volame  effects.  Thus  it  was  shown  that  the  confined  volumes  of  glass 
and  included  water  undergo  contraction  at  180°,  forming  an  eventually  solid 
silicate,  while  compressibility  increases  to  f ull>  three  times  its  value  at 
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the  beginning  of  the  experiment.  The  me:i8urement9  farther  show  that 
about  .025  cm.  of  llqaid  water  is  absorbed  per  sqnare  cm.  orglass  surface, 
at  180^0.  per  hour.  The  effect  of  absorption  in  the  tabes  used,  amounted 
to  18%  of  the  total  bulk  of  water  per  hour.  The  author  points  out  the 
bearing  of  this  large  and  rapid  contraction  in  vulcanology 
[To  be  printed  in  full  in  Philosophical  Magazine,  London.] 


Thb  predktkrmination  of  the  rbodlation  of  a  transformek  with 
NON-iNDUcnvE  LOAD.  Bj  Dr.  Frkderick  Bedrll,  Prof.  K.  E. 
Chandler  and  Mr.  R.  H.  Sherwood,  .Jr. 

To  determine  the  regulation  by  this  method  a  wattmeter,  ammeter  and 
voltmeter  are  located  in  the  primary  circuit.  One  set  of  readings  is  taken 
with  the  secondary  short-circuited  by  a  stout  copper  wire,  the  primary 
voltage  being  adjusted  until  the  normal  full-load  current  flows  in  the  trans- 
former or  any  desired  fraction  of  it.  No  other  data  for  obtaining  a  com- 
plete regulation  curve  is  required  except  the  one  set  of  readings  above 
mentioned  and  the  magnetizing  current.  If  a  wattmeter  reading  is  taken 
when  the  magnetizing  current  is  measured,  the  data  is  sufficient  to  plot  a 
complete  efficiency  curve  as  well  as  a  curve  for  the  regulation  of  the  trans- 
former. The  two  sets  of  measurements  then  consist  of  the  reading  of  a 
wattmeter,  voltmeter  and  ammeter,  first  on  >hort-circuit  with  normal  cur- 
rent, and  second  on  open-circuit  at  normal  voltage.  Tlie  wattmeter  read- 
in*;  in  the  first  case  gives  the  copper  losses ;  in  the  second  case,  the  core 
losses.  It  is  commonly  convenient  to  use  tiie  high-potential  coil  as  pri- 
mary in  the  short-circuit  measurements,  and  the  low  potential  coil  as  pri- 
mary in  the  open-circuit  measurements.  A  high  potential  supply  is  not 
then  needed,  and  as  no  power  is  required  except  to  supply  the  losses,  the 
complete  test  of  a  transformer  may  be  made  with  an  Incandescent  light- 
ing circuit  for  the  source  of  supply,  a  50  light  transformer  being  tested 
from  one  16  c  p.  lamp  socket.  The  total  drop  is  found  by  laying  off  in  the 
proper  manner  the  inductive  drop,  the  magnetic  leakage  diop  and  the  drop 
due  to  ohmic  resistance.  The  method  is  theoretically  an  almost  exact  one. 
Practically  it  is  an  exact  method  and  less  likely  to  error  than  the  ordinary 
method  of  determining  the  regulation  of  a  transformer  by  loading  it. 
The  results  given  in  this  paper  (given  in  full  in  The  £iectriciil  World), 
from  a  long  series  of  tests  on  seven  transformers  of  various  makes,  show 
the  reliability  of  the  method,  the  secondary  voltage  at  full  load  determined 
by  it  varying  usually  less  than  one  or  two  tenths  of  a  volt  from  the  volt- 
age as  found  by  measurement  on  the  transformer  when  actually  loaded. 
A  n  approximate  method  (given  by  Kapp)  used  by  one  of  our  large  elec- 
trical companies  gives  less  accurate  results.  The  reader  is  referred  to 
the  data  given  in  the  full  paper. 

[This  paper  printed  in  the  Electrical  World,  Aug.  14,  1897.] 


PHT8IC8.  127 

A  METHOD   OF    OBTAININO    CAPILLARY    FORKS    OF    SPECIFIED    DIAMETER 

By  Prof.  Carl  Barus,  Brown  University,  Providence,  R.  I. 

In  a  previous  paper  the  aathor  showed  how  to  compute  the  mean  value 
of  the  pores  of  a  porous  septum  by  the  pressure  difference  just  necessary 
to  force  air  through  ihe  wet  barrier  against  the  capillary  reaction  of  the 
water.  In  the  present  paper  capillary  pores  of  larger  diameter  are  ob- 
tained by  puncturing  elastic  rubber  tubing  with  5,000  to  10,000  holes  to 
the  linear  meter.  The  mean  size  of  the  pores  is  again  computed  from  the 
pressure  difference  Just  sufficient  to  cause  a  gaseous  flow  through  the 
wetted  elastic  septum,  and  this  size  may  be  decreased  at  pleasure  by  thick- 
ening the  walls  of  the  tube.  The  author  then  describes  a  series  of  strik- 
ing experiments  to  be  made  with  these  tubes.  Among  others  the  flow  of 
water  through  the  pores  if  observed  during  increase  and  during  decrease 
of  pressure,  respectively,  is  a  cyclic  phenomenon. 

[To  be  printed  in  full  in  The  Physical  Review.] 


An    rlrctrical  thermostat.     By  Dr.    W.   K.    Whitney,  Jamestown, 
New  York. 

The  essentially  new  appliance,  the  regulator,  depends  for  its  efiiciency 
upon  the  difference  in  the  effects  of  a  temperature  change  on  the  pressure 
of  a  saturated  vapor  and  on  that  of  a  gas.  This  regulator  is  piactically 
a  U  tube  partly  filled  with  mercury,  over  which  in  one  arm  is  confined  a 
sa!  uTHted  vapor,  as  ether,  and  in  the  other,  air  confined  under  ti  pressure 
depending  upon  the  temperature  desired.  Two  wires  enter  throu;*h  the 
walls  of  the  tube,  one  at  its  base  and  the  other  about  half  way  up  one 
arm.  so  that,  when  in  adjustment,  the  contact  between  the  hitter  wire  and 
the  mercury  Is  made  or  broken  by  the  slightest  change  of  temperature.  A 
current  from  three  Daniell  elements,  in  series,  passes  through  these  wires 
and  through  the  coils  of  a  telegraph  sounder.  This  sounder  makes  and 
breaks  the  heating  current  which  is  taken  from  the  ordinary  lighting  cir- 
cuit. The  heating  coil  consists  of  fine,  naked  platinum  wire  coiled  upon 
glass  in  the  bottom  of  the  bath  which  contains  the  regulator,  and  has  a 
resistance  of  about  100  ohms.  The  temperature  of  the  baths  at  26°  C.  has 
becD  kept  a  week  with  a  maximum  deviation  of  but  a  few  thousandths  of 
a  degree. 


A  NEW  FORM  OF  RK8PIRATION   CALORIMETER   AND   ITS   USE   FOR  VKKIFYING 
THE    LAW   OF    THE    CONSERVATION  OF  ENERGY   IN  THE    HUMAN   BODY. 

By  Prof.  W.  O.  Atwatbr  and  Prof  E.  B.  Rosa,  Wesleyan  Univer- 
sity, Middletown,  Ct* 

The  apparatus  was  developed  at  Wesleyan  University  during  the  years 
1892-7,  in  connection  with  an  investigation  on  the  Metabolism  of  Matter 
and  Energy  in  the  human  body.    The  whole  investigation  has  been  con- 
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ducted  under  the  patronnge  of  the  Storrs  Experiment  Station  of  Connec- 
ticut, the  United  States  Department  of  Agriculture,  and  Wesleyan  Univer- 
sity. 

The  work  consisted  in  determining,  on  the  one  hand,  the  total  amount 
of  energy  taken  Into  the  body  of  the  person  under  test,  which  is  ascertained 
by  burning  in  a  suitable  calorimeter  samples  of  tlie  food  eaten  and  finding 
their  heat  equivalent.  The  foods  are  analyzed  (by  sample)  and  the  amount 
of  C,  H,  N,  etc.,  determined.  Temperatures  of  foi>d  and  drink  are  also 
taken.  The  unabsorbed  energy  expelled  from  the  body  In  the  excreta  is 
also  determined,  together  with  the  chemical  composition  of  the  same. 

The  total  amount  of  heat  given  oflf  from  the  body  is  determined  by  plac- 
ing the  person  under  test  in  a  large  respiration  calorimeter,  and  accurately 
measuring  this  heat  The  calorimeter  was  seven  feet  long,  six  feet  four 
inches  high,  and  four  feet  wide,  internal  dimensions  A  person  could  eat, 
sleep  and  work  in  this  cliamber,  and  in  practice  was  sealed  up  and  obser- 
vations continued  for  from  two  to  twelve  days  at  a  time.  A  current  of 
pure  air  circulated  through  the  chamber  constantly,  the  CO^  and  H^O  con- 
tained in  it  as  it  entered  and  again  as  it  left  ihe  chamber  being  measured. 
A  stream  of  cold  water  flowing  through  a  copper  pipe  carried  away  the 
heat  as  rapidly  as  it  was  generated,  and  so  kept  the  temperature  of  the 
chamber  constant.  The  chamber  had  a  double  wall  of  sheet  metal,  and  by 
suitable  devices,  including  a  system  of  thermoelectric  Junctions,  the  tem- 
perature of  the  two  walls  was  kept  exactly  the  same,  so  that  no  heat  was 
gained  or  lost  by  flowing  through  the  walls  of  the  chamber. 

Work  done  by  the  person  under  test  was  measured,  and  the  total  energy 
absorbed  from  food  was  balanced  against  the  heat  and  work  yielded.  The 
apparatus  is  necessarily  complicated,  and  the  experiments  laborious  and 
time-consuming.  The  results  ure,  however,  exceedingly  gratifying,  and 
will  be  published  in  full  by  the  United  States  Department  of  Agriculture. 


Elkctrical  rbsonanck  and  diblectric  hystbrbsis.    By   Edward  B. 
Rosa  and  Arthur  W.  Smith,  Wesleyan  University,  Middletown,  Ct. 

Thb  amount  of  energy  absorbed  by  the  dielectric  of  a  condenser  is  usu- 
ally quite  small,  and  difficult  to  measure.  'I'he  difference  in  phase  between 
the  current  and  impressed  electromotive  force  is  in  the  neighborhood  of 
89°,  and  hence  the  power  factor  (cos  0)  in  the  expression  W  =  E  I  cos  0 
is  very  small.  If  the  current  in  the  shunt  circuit  or  a  wattmeter  lags  half 
of  one  degree  on  account  of  self  induction  (as  is  entirely  possible),  the 
reading  of  the  wattmeter  used  to  measure  the  loss  of  energy  in  the  con- 
denser would  thereby  be  reduced  50  per  cent.  A  further  dlfllculty  arises 
from  the  fact  that  because  the  power  factor  is  so  small  the  shunt  current 
must  be  very  large  in  order  to  get  a  deflection  large  enough  to  read  accu- 
rately. This  large  current  from  a  high  voltage  supply  heats  up  the  shunt 
coils  very  greatly,  and  altogether  the  difficulties  are  too  great  to  be  easily 
overcome. 
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In  order  to  bring  the  current  and  electromotive  force  into  phase  with 
each  other,  and  at  the  same  time  to  reduce  the  voltage  to  a  low  value,  and 
thus  make  the  problem  of  measnrinju;  the  power  with  a  wattmeter  the  sim- 
plest possible  one,  we  have  placed  a  large  coil  of  copper  wire  in  series  with 
the  condenser,  the  coil  having  sufficient  induction  to  give  perfect  reso- 
nance, and  the  current  through  coil  and  condenser  therefore  being  in  the 
same  phase.  The  connections  are  shown  in  the  figure.  E  F  are  the  ter- 
minal}* of  a  dynamo  or  transformer,  giving  a  low  electromotive  force,  say 
60  volts.  D  is  a  dynamometer,  W  a  wattmeter,  and  R  is  a  non-inductive 
resistance,  in  series  with  the  movable  coil  of  the  wattmeter.  A  and  C  are 
the  terminals  of  the  shunt  circuit.     The  wattmeter  therefore  measures  the 


energy  expended  on  the  coll  and  condenser  and  connecting  wires.  With 
an  ammeter  and  voltmeter  the  resistance  from  A  to  B  is  measured,  and 
the  C^R  loss  is  subtracted  from  the  total  energy  measured  by  the  watt- 
meter. The  dilTerence  is  the  energy  spent  on  the  condenser.  The  resist- 
ance of  the  coil  was  only  .3  ohm,  and  the  energy  spent  on  the  coil  was  only 
about  one-third  of  the  total.  In  order  to  get  a  sufficiently  large  induction 
without  greater  resistance  a  very  large  coil  is  necessary,  the  one  used 
weighing  400  pounds.  It  was  kindly  loaned  for  this  work  by  the  Ameri- 
can Electrical  Works,  of  Providence,  R.  I. 

A.  A.  A.  S.  VOL.  XLVI  9 
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The  resonance  was  so  good  that  with  49  volts  impressed  apon  coil  and 
condenser,  the  voltage  between  the  terminals  of  the  coil  alone  or  of  the 
condenser  alone  was  2250  volts,  a  maltiplication  of  46  times. 

Kxperiment  shows  that  the  loss  in  the  condenser  is  almost  exactly  pro- 
portional to  the  square  of  the  difference  of  potential  of  the  plates  of  the 
condenser.  The  liitter  was  made  by  the  Stanley  Electric  Co.,  and  the  tin 
foil  is  separated  by  sheet  of  paper  filled  with  tlie  solid  dielectric  It 
showed  a  remarlcable  dielectric  strength,  and  comparatively  small  hyster- 
esis loss.  The  loss  varied  from  1.0%  to  1.5%.  according  to  the  frequency 
employed,  the  efficiency  being  greater  at  lower  frequency. 

These  experiments  are  preliminary  to  others  soon  to  be  made,  the  re- 
sults of  which  will  be  published  in  detail. 


A    METHOD  FOR  THE   DETEUMINATION   OF   THE   PERIOD   OF    ELECTRICAL  O*- 
CILLATIONS    AND   OTHER   APPLICATIONS   OF  THE   SAME.       By    MaROARET 

E.  Mai.tby,  Ph.D.,  Painesville,  Ohio. 

The  method  depends  upon  the  balancing  of  a  resistance  against  a  ca- 
pacity, the  one  joining  the  needle  and  one  pair  of  quadrants  in  a  modified 
quadrant  electrometer,  the  oiher  joining  the  needle  and  the  other  pair  of 
quadrants.  Electrical  oscillations  that  excite  the  system  are  a  simple  sine 
function  of  the  time.  The  solution  of  the  equations  of  condition  in 
this  arrangement  results  In  a  simple  expression  for  the  period  T  in  terms 
of  the  capacity  C,  and  the  resistance  R,  viz.,  T=r:  RC. 

This  relation  was  established  experimentally  by  sending  through  the  sys- 
tem a  current  excited  by  the  oscillatory  discharge  of  a  condenser  of  known 
Ciipacity  (£,  througli  a  sparkgap  and  a  conductor  of  known  coefficient  of 
self-induction  L.  The  period  of  these  oscillations  is  given  by  the  formula 
qf  Lord  Kelvin,  T  =  r  y'  L  (i.  The  periods  determined  by  the^e  two 
n)etht»ds  show  the  agreement  of  the  same  within  the  limits  of  the  esti- 
mated precision. 

If  the  period  of  the  alternating  current  is  known,  this  arrangement  of 
capacity  and  resistance  aftbrds  a  method  for  determining  t?,  the  relation 
between  the  electrostatic  and  electromagnetic  system  of  units.  Let  R  be 
measured  in  the  latter  and  C  in  the  former  system,  then  the  homogeneous 

equation  becomes   r=7^^',  or  v   =  -^.   The  results  confirm  the 

applicability  of  the  method. 

Further,  coefficients  of  self-induction  can  be  measured  in  this  way.  In 
place  of  either  the  resistance  or  the  capacity  connected  with  the  electro- 
meter substitute  in  succession  a  capacity  C,  a  resistance  JJ, ,  whose  coeffi- 
cient of  self-induction  L  is  to  be  determined,  and  a  resistance  R^^  without 
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self-iuduction.  equilibrium  beinj;  established  in  each  case  with  the  same  re- 
sistance or  capacity  in  the  other  arm  of  the  brid|u;e,  and  the  period  of  the 
oscillations  remaining  constant.  From  the  equations  of  condition  in  this 
case,  L^Cli^  ^   R^*^R,\ 

With  the  same  general  procedure  the  dielectric  constant  of  an  electro- 
lyte can  be  determined.  In  this  case  substitute  successively  a  condenser 
of  capacity  C  without  galvanic  conductivity,  a  resistance  i?,  without  sen- 
sible self-induction  and  dielectric  conductivity,  and  an  electrolytic  trough 
whose  galvanic  resistance  is  i?<,  specific  conductivity  k  and  dielectric  con- 
stant D.    Thus  it  follows  from  these  conditions  that. 


For  the  last  two  applications  only  preliminary  experiments  have  been 
made  thus  far. 

The  convenience  and  wide  applicability  of  the  method  recommend  it. 

[Printed  in  part  in  Wiedemann's  Annalen  d.  Physik  u.  Chemie,  bd.  01 
(1897)  8.553.] 


On  methods  of  measuking  mean  horizomtal  candle  power.    By  Prof. 
C.  P.  Matthews,  Purdue  University,  Lafayette,  Indiana. 

[Communicated  hij  Prof.  E,  L,  Nichols.'] 

The  object  of  these  measurements  is  to  compare  the  method  of  obtain- 
ing the  mean  horizontal  candle  power  in  a  glow  lamp  by  whirling  the  lamp 
about  a  vertical  axis  or  symmetry,  at  a  speed  sufficient  to  «'liminate  flick- 
ering, with  the  usual  method  of  integrating  the  curve  of  horizontal  distribu- 
tion as  taken  point  by  point.  The  former  method  has  been  recommended  by 
a  committee  of  the  American  Institute  of  Electrical  Engineers  as  the  stand- 
ard method  of  procedure.  In  order  to  subject  the  matier  to  a  severe  test 
an  exceedingly  irregular  distribution  was  artificially  obtained  by  pasting 
pieces  of  black  paper  on  the  bulb  of  an  iucnndescent  lamp.  The  lamp  wa» 
whirled  at  different  speeds,  from  a  minimum  which  caused  n  barely  per- 
ceptible flicker,  to  a  maximum  beyond  which  it  was  not  considered  safe  to 
go.  No  variation  in  intensity  with  speed  was  found.  The  distribution 
curve  for  this  lamp  was  taken  at  ten  degree  intervals.  The  curve  was  plot- 
ted in  rectangular  coordinates  and  was  integrated  by  means  of  tlic  plani- 
roeter.  The  mean  horizontal  candle  power  determined  in  this  manner  was 
9.655;  the  mean  of  all  the  readings  on  the  whirling  lamp  was  9.649.  The 
difference  amounting  to  .006  or  about  .06  per  cent  is  entirely  within  the 
limits  of  photometric  error.  It  is  the  intention  of  the  author  to  extend 
this  comparison  to  the  case  where  there  is  a  marked  color  difference  be- 
tween the  sources  under  investigation. 

[This  paper  will  be  printed  in  the  Physic.il  Review.] 
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EXPERT  TESTIMONY. 


It  will  be  remembered  that  a  would-be  facetious  barrister  once 
remarked  that  prevaricators  might  be  properly  arranged  in  an 
ascending  series,  to  wit :  ordinary  fibbers,  liars,  and  experts  ;  an 
arrangement  which  I  fear  meets  with  the  approval  of  many  mem- 
bers of  the  bench  and  bar  to-day.  The  cause  for  such  harsh  clas- 
siflcation  is  not  so  very  far  to  seek.  It  is  based  upon  ignorance 
on  the  part  of  the  bar,  and  at  times  upon  what  is  worse  than  igno- 
rance on  the  side  of  the  "  expert  "  With  the  culpable  acts  of  the 
pseado  scientist  we  cannot  waste  our  time.  That  he  merits  prompt 
condemnation  is  axiomatic ;  but  a  word  is  wanted  touching  upon 
what  may  be  termed  the  ignorance  of  the  court, 

"  When  I  take  my  place  upon  the  witness  stand,"  said  a  promi- 
nent toxicologist  once  to  me,  "  I  can  never  predict  in  what  shape 
I  shall  be  upon  leaving  it,"  a  feeling  with  which  most  of  us  can,  I 
fancy,  sympathize  pretty  keenly. 

Is  it  that  we  fear  exposure  of  the  weak  points  in  our  professional 
armor?  Do  we  dread  to  say  in  public  '*  I  do  not  know?"  Hardly 
that,  I  take  it.  We  are  now  possessed  of  so  very  little  of  that  which 
one  day  may  be  known,  that  no  true  scientist  hesitates  for  an  in- 
stant to  plead  legitimate  ignorance.  What  really  troubles  us  upon 
cross-examination  is  that  the  court  does  not  speak  our  language, 
a  language  often  quite  difficult  of  direct  translation  ;  that  it  is  but 
rarely  schooled  in  the  principles  of  our  science ;  and  that,  in  conse- 
quence, it  frequently  insists  upon  categorical  answers  to  the  most 
impossible  kind  of  questions. 

(135) 
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The  hypothetical  questioDS  dhowered  upon  the  expert  witness 
are  sometimes  veritable  cariosities,  so  peculiar  are  they  in  their 
monstrosity.  Who  among  us  but  has  felt  that  the  layman,  who  has 
simply  to  testify  to  observed  facts,  has  an  easy  time  of  it  indeed, 
when  compared  with  him  from  whom  there  is  expected  an  opinion 
under  oath? 

All  scientific  men  are  willing  and  anxious  to  have  their  work 
scrutinized  carefully  by  their  peers ;  but  to  be  exposed  to  the  one- 
sided criticism  frequently  encountered  at  the  bar  is  quite  another 
matter ;  for  it  must  be  remembered  that  after  the  adverse  counsel 
has  opened  up  what  appears  to  be  a  glaring  inconsistency  in  the 
testimony,  the  re-direct  examination  may  utterly  fail  to  repair  the 
breach,  because  of  a  lack  of  familiarity  with  a  technical  subject  on 
the  part  of  the  friendly  attorney. 

This  leaves  the  witness  in  the  unenviable  position  of  disagreeing 
with  the  general  drift  of  his  own  testimony,  while  it  deprives  him  of 
suitable  means  of  insisting  upon  its  revision  and  connection. 

According  to  the  writer's  view,  there  is  but  one  way  to  escape  such 
dilemma,  and  that  is  by  direct  and  immediate  appeal  to  the  judge ; 
urging  that  the  oath  taken  called  for  a  statement  of  the  whole 
truth,  and  not  the  misleading  portion  already  elicited. 

To  illustrate  how  serious  a  matter  the  partial  testimony  of  an 
expert  witness  may  be,  and  to  show  also  to  what  extent  lawyers 
may  go  who  look  only  to  the  winning  of  their  causes,  permit  me  to 
refer  to  an  already  reported  poison  case  in  which  I  was  employed 
by  the  people.     It  may  be  roughly  outlined  as  follows  : 

Much  arsenic  and  a  very  little  zinc  were  found  in  the  stomach. 

The  body  had  not  been  embalmed,  but  cloths  wrung  out  in  an 
embalming  fluid  containing  zinc  and  arsenic  had  been  spread  upon 
the  face  and  chest. 

Medical  testimony  showed  that  no  fluid  could  have  run  down  the 
throat.  Knowing  the  relative  proportions  of  zinc  and  arsenic  in 
the  embalming  fluid,  the  quantity  of  arsenic  found  in  the  stomach 
was  twelve  times  larger  than  it  should  have  been  to  have  balanced 
the  zinc  also  there  present,  assuming  them  to  have  both  come  from 
the  introduction  of  the  said  embalming  fluid  by  cadaveric  imbibition. 
Other  circumstantial  evidence  was  greatly  against  the  prisoner. 

At  the  time  of  my  appearing  for  the  people,  on  the  occasion 
of  the  first  trial  of  the  case,  my  direct  testimony  brought  out  very 
strongly  the  fact  that  a  fatal  quantity  of  arsenic  had  been  found 
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in  the  stomach,  but  no  opportunity  was  given  me  to  testify  to 
the  presence  of  the  zinc  found  there  as  well,  although  the  fact  of 
its  existence  in  the  body  was  known  to  the  prosecution  through 
my  preliminary  report.  Through  ignorance  of  the  nature  of  such 
report  on  the  part  of  the  defence,  no  change  was  made  in  the  char- 
acter of  my  testimony  during  the  cross-examination,  and  I  was 
permitted  to  leave  the  witness-stimd  with  a  portion  of  my  story 
untold.  No  witnesses  were  called  for  the  defence,  and  the  case  was 
given  to  the  jury  with  the  darkest  of  prospects  for  the  pnsoner. 

For  many  reasons,  unnecessary  to  recount  here,  I  was  distinctly 
of  the  opinion  that  murder  had  been  committed,  but  I  felt  never- 
theless that  common  justice  demanded  that  the  prisoner  should  have 
been  entitled  to  whatever  doubt  could  have  been  thrown  upon  the 
minds  of  the  jury,  no  matter  how  far-fetched  the  foundations  for 
such  doubt  might  have  been. 

The  first  trial  having  resulted  in  a  disagreement  of  the  jury,  I 
was  pleased  to  learn,  before  the  second  hearing  of  the  case  began, 
that  the  defence  was  prepared  to  go  into  the  question  of  the  em- 
balming fluid ;  for  the  responsibility  of  permitting  only  a  part  of 
what  1  knew  to  be  drawn  from  me,  to  the  entire  exclusion  of  the 
remaining  portion,  was  greater  than  1  wished  to  assume.  The 
nature  of  my  report  to  the  coroner  having  been  established,  and 
certain  opinions  relating  thereto  having  been  fully  ventilated  the 
jury  were  possessed  of  ''reasonable  doubt"  and  acquitted  the 
prisoner.  What  now  were  the  duties  of  the  expert  upon  the  occa- 
sion of  the  first  trial  of  this  case  and  how  should  he  liave  construed 
the  meaning  of  his  oath  ? 

One  eminent  legal  light,  to  whom  the  question  was  referred,  held 
that  the  expert  was  distinctly  the  property  of  the  side  employing 
him,  and  that  his  duty  was  simply  to  answer  truthfully  the  ques- 
tions put  to  him,  without  attempting  to  enlighten  the  court  upon 
facts  known  to  him,  but  not  brought  out  by  the  examination,  no 
matter  how  vital  such  facts  might  be. 

Another  held  that  although  the  above  course  would  be  proper  in 
a  civil  case,  yet,  in  a  matter  involving  lil'e  and  death,  the  w^itness 
should  insist  upon  the  court  becoming  acquainted  with  his  whole 
story.  Do  not  such  differences  in  legal  opinion  make  it  very  de- 
sirable that  the  expert,  at  least  in  capital  cases,  should  be  the  em- 
ployee of  the  bench  rather  than  of  the  bar,  in  order  that  whi*tever 
scientific  investigations  are  made  may  be  entirely  open  to  public 
knowledge  and  criticism  ? 


188  KKcnoN  c. 

Although  the  expert  should  earnestly  strive  to  have  what  he  has 
to  say  presented  in  the  best  form,  he  must  remember  that  to  se- 
cure clearness,  particularly  before  a  jury,  technicalities  should  be 
reduced  to  a  minimum.  To  a  degree  they  are  unavoidable,  but 
let  them  be  as  few  as  possible.  Illustrations  should  be  homely 
and  apt ;  capable  of  easy  grasp  by  the  jury's  minds,  and  if  possible 
taken  from  sceiies  familiar  to  the  jury  in  their  daily  lives. 

It  is  an  unfortunate  fact  that  the  expert  must  be  prepared  to  en- 
counter in  the  court- room  not  only  unfamiliarity  with  his  specialty, 
but  also  deep-rooted  prejudices  and  popidar  notions  hoary  with 
age  and  not  to  be  lightly  removed  from  the  mind  by  tiie  words  of 
a  single  witness.  As  President  Jordan  has  well  said  :  ^^  There  is 
no  nonsense  so  unscientific  that  men  called  educated  will  not  accept 
it  as  science,"  and,  let  me  add,  they  will  calmly  attempt  to  shove 
the  buixien  of  proof  upon  the  scientific  man  who  is  opposed  to  their 
views.  Sanitary  experts,  in  particular,  run  up  against  all  soi*ts  of 
popular  superstitions  and  are  inveighed  against  as  ''  professors  " 
by  those  who  consider  themselves  the  '•  practical "  workers  of  the 
time ;  and,  let  it  be  noted,  the  burden  of  proof  is  uniformly  laid 
upon  these  ^'professors' "  shoulders,  while  the  most  astounding  and 
occult  statements  made  by  the  "  practical "  men  may  be  received 
without  verification. 

One  source  of  trouble,  which  perhaps  is  peculiar  to  the  water 
expert,  lies  in  the  impossibility  of  utilizing  analytical  results  such 
as  were  made  many  years  ago. 

Those  who  are  not  chemists  fail  to  grasp  the  fact  that  the  exami- 
nation of  water  may  not  be  looked  upon  from  the  same  point  of  view 
as  the  analysis  of  an  iron  ore.  The  statement  that  water  analysis  is 
but  of  recent  birth,  and  that  it  is  yet  in  its  infancy,  is  hard  for 
them  to  appreciate  holding,  as  they  naturally  do,  thftt  what  was 
true  twenty  years  ago  must  be  true  to-day,  if  science  does  not  lie. 

A  pit  into  which  many  an  expert  witness  falls  is  prepared  for 
him  by  insidious  questions  leading  him  to  venture  an  opinion  upon 
matters  outside  of  his  specialty.  It  is  a  fatal  error  to  attempt  to 
know  too  much.  Terse,  clear  answers,  well  wiihin  the  narrow 
path  leading  to  the  point  in  question,  are  the  only  safe  ones ;  and 
when  the  line  of  inquiry  cros.ses  into  regions  where  the  witness 
feels  himself  not  truly  an  expert,  his  proper  course  is  to  refuse  to 
testify  outside  of  the  boundaries  of  his  lej^itiniate  province. 

Unfortunately  the  expert  is  as  often  invited  to  take  these  col- 
lateral flights  by  the  side  employing    him  as  l.y  the  opposition. 
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Affidavits  in  submitted  cases  are  commonly  written  by  the  lawyers 
and  not  by  the  expert,  although  they  are,  of  course,  based  upon  his 
reports.  In  the  strength  of  his  desire  to  win  the  case,  the  lawyer 
often  prepares  a  much  stronger  affidavit  than  his  witness  is  willing 
to  swear  to. 

The  writer  has  had  no  little  difficulty  just  at  this  point,  and  has 
had  plenty  of  occasion  to  obsei-ve  the  irritation  displayed  by  coun- 
sel upon  a  refusal  to  endorse  statements  which  have  been  ^^  too 
much  expanded." 

Every  expert-witness,  especially  in  his  early  cases,  is  sure  to 
have  adverse  authorities  quoted  against  him ;  therefore  it  behooves 
him  to  be  so  familiar  with  the  literature  of  his  subject  as  to  be 
capable  of  pointing  out  that  such  and  such  a  writer  is  not  up  to 
date,  or  that  such  and  such  a  passage,  if  quoted  in  full,  would  not 
bear  the  adverse  construction  tliat  its  partial  presentation  carries. 
When  the  expert  reaches  a  position  of  such  prominence  that  he  can 
state  a  thing  to  be  so  because  he  says  it,  irrespective  of  whatever 
may  be  written  on  the  subject  to  the  contrary,  his  course  then  is 
greatly  simplified ;  but  long  before  he  attains  that  altitude  he  will 
have  put  himself  upon  record  in  many  cases,  and  happy  for  him  if 
the  record  so  made  be  such  as  cannot  be  quoted  to  his  disadvantage. 

"If  1  had  only  not  written  my  first  book,"  is  the  reflection  of 
many  a  distinguished  author,  while  one  of  the  great  masters  of 
music,  referring  to  an  opera,  said: — ^' It  is  one  of  my  early 
crimes." 

Above  all  things,  the  expert  "  should  provide  things  honest  in 
the  sight  of  all  men." 

It  is  well  for  him  to  be  deeply  interested  in  his  case,  to  feel  in  a 
measure  as  if  it  were  his  own,  but  it  is  unwise  in  him  to  become  so 
partisan  as  to  let  his  feelings  affect  his  good  judgment,  and  it  would 
be  indeed  criminal  should  he  permit  his  interest  in  any  way  to  con- 
tort the  facts. 

Before  the  case  is  brought  to  a  final  hearing,  it  may  be  apparent 
that  experiments  before  the  court  are  possible  and  they  may  be  de- 
manded by  the  counsel  in  charge  of  the  case.  If  such  experiments 
be  striking,  easy  of  execution,  and  not  too  long,  by  all  means 
make  them. 

Practical  illustrations,  particularly  such  as  involve  some  funda- 
mental principle,  have  great  weight  with  the  court ;  but  these  il- 
lustrations must  not  be  such   as  would  turn  the  court-room  into  a 
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temporary  laboratory  and  involve  the  loss  of  much  time  in  vexatious 
waitings. 

Such  experiments  as  are  determined  upon  should  be  thoroughly 
rehearsed  beforehand,  no  matter  how  simple  they  may  be ;  for,  of 
all  failures,  the  court-room  experiment  which  declines  to  '*  go  off" 
is  perhaps  the  most  dismal. 

This  brings  to  mind  a  kindred  topic  upon  which  there  should  be 
a  word  of  caution:  laboratory  experiments,  which  work  to  per- 
fection, may  utterly  fail  when  expanded  to  commercial  propor- 
tions, so  that  it  is  wise  to  bear  in  mind  the  danger  of  swearing  too 
positively  as  to  what  will  happen  in  large  plants,  when  the  opinion 
is  based  only  upon  what  is  observed  to  occur  upon  the  smaller 
scale.  Like  conditions  will,  of  course,  produce  like  results,  but  it 
is  marvellous  how  insidiously  unlooked-for  conditions  will  at  times 
creep  into  one's  calculations,  and  how  hard  it  is  even  to  recc^nize 
their  presence. 

When  preparing  his  case  for  presentation,  the  expert  often  errs 
in  not  dwelling  more  largely  upon  certain  points  because  he  thinks 
them  already  old  and  well  known.  To  him  they  may  be  old,  but 
to  the  public  they  may  be  of  the  newest.  Not  only  is  the  public 
unequally  posted  with  the  specialist  but  what  it  once  knew  upon 
the  subject  may  have  been  forgotten.  It  is  well,  therefore,  to  in- 
sert, in  a  special  report,  matters  that  would  be  properly  omitted 
from  a  paper  prepared  for  a  professional  audience. 

Sanitary  problems  are  of  especial  interest  to  the  public,  but  the 
amount  of  ignorance,  or  rather  false  knowledge,  displayed  con- 
cerning them  is  surprising  and  often  difficult  to  combat.  The  sani- 
tarian is  not  unf requently  called  upon  suddenly  to  defend  a  position 
involving  complex  statistics  ;  and,  because  the  data  cannot  be  forth- 
with produced,  the  inference  is  drawn  that  his  points  are  really 
without  facts  to  support  them  and  that  ihey  are  consequently  not 
well  taken. 

Long  before  he  gets  into  court,  particularly  if  the  time  for 
preparation  of  the  case  be  short,  the  e^^pert  may  well  *'pray  to  be 
delivered  from  his  friends. '*  He  may  receive  a  peremptory  order 
by  telegraph  to  '^determine  the  mineral  qualities  of  this  rock,"  when 
the  telegram  should  have  read  **Assay  this  ore  for  silver,"  and 
later  it  may  be  a  matter  of  surprise  that  a  quantitative  knowledge 
of  the  copper  present  was  not  obtained  while  passing  along  the 
line  for  the  determination  of  the  silver ;    for  it  is  generally  not 
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known  that  the  complete  analysis  of  anything  is  quite  rare  and 
correspondingly  tedious  and  expensive. 

Toxicologists  who  hear  me  may  call  to  mind  some  case  involv- 
ing a  search  for  the  presence  of  an  alkaloid,  strychnia  for  exam- 
ple, during  which  search,  the  district  attorney,  in  his  eagerness 
for  information,  may  have  asked  to  know  what  the  indications  were 
as  to  the  presence  of  the  poison,  at  a  time  when  the  extraneous 
organic  matter  was  not  nearly  removed.  He  may  have  wished  no 
final  report,  but  only  the  simple  probabilities,  whereon  to  base  a 
possible  arrest.  Such  requests  are  very  common,  and  are  akin  to 
a  demand  for  a  proof  of  the  pudding  during  the  early  baking,  when 
we  all  know  that  such  proof  comes  at  a  much  later  stage  of  the 
proceedings. 

Finally,  ''When  doctors  disagree  who  shall  decide?" 

This  question  is  often  very  vigorously  settled  by  the  jury,  as 
was  instanced  in  a  recent  celebrated  murder  trial  in  New  York 
City.  In  that  case  what  the  experts  had  to  say  on  either  side  was 
simply  thrown  overboard  as  a  whole,  and  the  finding  was  based 
upon  the  testimony  of  the  remaining  witnesses. 

What  can  be  said  upon  this  question  of  the  disagreement  of 
expert  witnesses  ?  First,  it  must  be  noted,  they  are  far  from  be- 
ing the  only  class  of  people  who  fail  to  agree,  and  that  too  on 
very  important  subjects.  Do  my  hearers  think  it  would  be  a  very 
difficult  task  to  find  a  small  army  of  men  who  would  testify  very 
variously  and  very  positively  upon  questions  of  politics  or  re- 
ligion? Would  it  be  hard  to  find  ''good  men  and  true"  who  would 
give  under  oath  greatly  differing  opinions  concerning  the  propriety 
of  instituting  free  trade  or  establishing  an  inheritance  tax?  Ex- 
perts are  subject  to  the  same  errors  of  judgment  as  befall  the  rest 
of  professional  humanity,  and,  when  their  opinions  clash,  they  aie 
entitled  to  the  same  respect  that  we  grant  to  the  members  of  the 
bench  when  they  hand  down  the  decision  of  a  divided  court. 

One  fruitful  opportunity  for  disagreement  always  arises  when 
questions  are  brought  into  court  touching  upon  matters  newly  dis- 
covered and  apart  from  the  well  beaten  path  of  common  profes- 
sional knowledge.  Doubt  is  often  left  upon  the  minds  of  those 
seeking  the  light,  even  when  the  testimony  is  given  by  the  spe- 
cialist who  originally  developed  the  new  point  in  question,  for  one 
cannot  be  expected  to  be  thoroughly  educated  in  that  which  he  has 
himself  but  recently  discovered. 
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Many  of  us  have  dreaded  to  see  the  ''ptomaines,"  or  putrefac- 
tiv^e  alkaloids  make  their  way  into  court  with  their  mystifying  in- 
fluences upon  judge  and  jury  and  tlieir  tendency  to  protect  crime. 
Now  that  they  are  in,  what  is  to  be  the  end?  Even  with  no 
"Ptomaine  theory"  possible,  the  ptomaine  form  of  argument  is 
not  unknown.  The  writer  was  once  asked  in  an  arsenic  case, 
whether  he  was  willing  to  swear  that  at  some  future  time  an  ele- 
ment would  not  be  discovered  giving  the  stated  reactions  now 
called  arsenical.  Such  nonsense  is  of  course  instituted  to  impress 
the  jury,  and  is  suggested  by  similar  questioning  in  the  alkaloid 
cases. 

A  recent  and  somewhat  amusing  instance  arose  from  an  attempt 
to  introduce  the  rather  new  conception  of  ''degeneracy"  into  a 
murder  trial.  The  defence  sought  to  show  that  the  prisoner  was  a 
"degenerate"  and  offered  expert  testimony  as  to  the  meaning  of 
the  term  and  as  to  the  signs  whereby  such  a  condition  was  to  be 
recognized ;  whereupon  the  prosecution  called  attention  to  the 
fact  that  the  defendant's  experts  themselves  exhibited  every  one 
of  the  signs  in  question. 

Having  said  all  that  he  was  to  say,  and  having  stated  it  to  the 
best  advantage,  should  the  expert  depend  upon  the  stenc^rapher's 
so  recording  it  as  to  allow  of  its  being  used  in  future  without  cor- 
rection?   'Decidedly  not. 

The  average  stenographer  is  unfau)iliar  with  technical  terms, 
especially  such  as  are  chemical,  and  the  witness  who  fails  to  su- 
pervise the  minutes  may  find  out  later  that  he  was  sworn  to  a  most 
remarkable  array  of  "facts."  The  writer  once  discovered  that  he 
had  recommended,  as  a  very  efficient  method  of  purifying  a  city 
water,  the  filtering  of  the  entire  supply  "through  a  layer  of  black 
mud."  Not  to  take  your  time  further,  let  us  summarize  what  has 
thus  been  briefly  said  : 

The  expert  witness  should  be  absolutely  truthful,  of  course; 
that  is  assumed,  but  beyond  that  he  should  be  clear  and  terse  in 
his  statements,  homely  and  apt  in  his  illustrations,  incapable  of 
being  led  beyond  the  field  in  which  he  is  truly  an  expert,  and  as 
fearless  of  legitimate  ignorance  as  he  is  fearful  of  illegitimate 
knowledge. 

Mounting  the  witness-stand  with  these  principles  as  his  guide, 
he  may  be  assured  of  stepping  down  again  at  the  close  of  his 
testimony  with  credit  to  himself  and  to  the  profession  he  has 
chosen. 


PAPERS  READ. 

[abstracts.] 

Upon  the  compounds  ok  hydronitric  acid.     By  Prof.  L.  M.  Dennis 
and  Dr.  C.  H.  Benkdict,  Cornell  University,  Ithaca,  N.  Y. 

[This  paper  will  be  printed  in  Journal  of  American  Chemical  Society.] 


Action  of  oxidk  of  manganese  on  potassium  peumanoanate.  By 
Dr.  Charles  L.  Rekse.  Ph.D.  and  11.  N.  Morse,  Johns  Hopkins  Uni- 
versity, Baltimore,  Md. 

A  comparison  of  the  action  of  the  oxide  of  manganese  formed  by 
precipitation  from  potassium  permanganate  with  manganese  sulphate,  hy- 
drogen and  sugar  when  agitated  in  sealed  tubes  from  24  to  600  hours  with- 
out and  with  various  quantities  of  sulphuric  acid. 

Permanganate  was  shaken  in  tubes  alone  and  with  sulphuric  acid  to 
show  that  when  these  substances  are  free  from  oxides  of  manganese  no 
reduction  takes  place  except  in  strong  solutions  with  acid  equal  to  three 
times  the  potassium  in  the  permanganate. 

Tubes  were  also  agitated  simultaneously  containing  permanganate  acid- 
ified with  sulplmric  acid,  with  hydrogen,  manganese  dioxide  from  man- 
ganese sulphate  and  sugar.  The  rates  of  reduction  under  similar  conditions 
are  compared. 

[This  paper  will  be  printed  in  the  American  Ciiemical  Journal.] 


Contributions  TO  the  chemistry  of  didymium.  By  Prof.  L.  M.  Dennis 
and  E.  M.  Chamot,  Cornell  University,  Ithaca,  N.  Y. 

[This  paper  will  be  printed  in  Journal  of  American  Chemical  Society.] 
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On  two  polymkric  series  of  phospuorus-nitkogen  compounds  and 

ON  THE  stereochemistry  OF  PHOSPHORUS  AND   NITROGEN.      By   Df. 

H.  N.  Stokes,  Washington,  D.  C. 

In  the  series  of  phosphorus  compounds  described,  which  have  the  gen- 
eral formula  (PNCl,)nand  which  are  termed  phosphonitrilic  chlorides,  the 
members  are  easily  interconvertible,  no  other  agency  being  required  than 
heating  followed  by  fractional  distillation.  The  compounds  are  mostly 
well  characterized  and  give,  on  decomposition  by  water  under  certain 
conditions,  a  polymeric  series  of  acids  (PNO^Hg)„,  the  metapkosphimic 
acids.    The  members  thus  far  prepared  are : 


SPECIBfENS.  CHLORONITRIDES.  ACIDS. 

Trlphosphonitrilic  chloride     . 
Tetraphosphonitrllic  chloride 


Pentaphosphonitrillc  chloride 
Hexaphosphonitrilic  chloride 
Heptaphosphonltrllic  chloride 


Polyphosphonitrilic  chloride 


(PNCl,),  (PNO.HO, 

(PNCIO4  (PNO3HO4 


CPNCl,),  (PN0;.H,)5 

(PNClOo  (PNO,H,), 

(PNCl«^7  (PNO^HOt 

(PNC10« 


Besides  the  above  a  residuum  is  obtained  which  analysis  shows  to  con- 
sist of  a  mixture  of  members  higher  than  hepta,  but  which  have  not  been 
separated  owing  to  practical  difficulties,  caused  by  their  high  boiling  points 
and  the  consequent  changes  which  they  undergo  on  attempting  to  sepa- 
rate them  by  distillation.  Any  one  of  these  bodies,  on  heating  to  a  temper- 
ature of  350°,  is  converted  into  the  last,  polyphosphonitrilic  chloride. 

A  discussion  of  probable  structural  forrnulse  fur  the  above  bodies  fol- 
lowed. 


THK  ACTION   OF  IRON   AND   OF   ELECTROLYTIC   HYDROGKN    ON  NITRIC  ACID. 

By  George  O.  Higi.ey,  Ann  Arbor,  Mich. 

[Communicated  by  the  Secretary.] 

The  products  of  reduction  of  nitric  acid  with  iron  are  nitrogen  dioxide, 
nitric  oxide  and  with  dilute  acids,  nitrogen  and  ammonia.  Nitrous  oxide 
is  not  formed  in  large  quantities  as  is  the  case  with  lead  and  copper. 

Electrolysis  of  dilute  nitric  acid  mainly  produces  hydrogen. 

[This  paper  will  be  printed  In  the  American  Chemical  Journal.] 


The  ACTION  of  nitric  acid  on    aluminium  and    the    formation    of 
ALUMnnuM  nitrate.    By  J.  B.  Stellmann,  Minneapolis,  Minn. 
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AiJCYi.  BISMUTH  IODIDES.    By  Prof.  A.  B.  Prbscott,  Ann  Arbor,  Mich. 

Quaternary  alkyl  iodides  give  a  bright  colored  precipitate  with  bis- 
math  salt  solutions.  Formed  from  tetramethyl  ammonium  iodide,  from 
whatever  bismuth  salt  solution,  the  composition  we  And  to  be  N  3  (CH;,),  1 
H  Bis  It-  The  compound  crystallizes  best  from  potassium  iodide  solu- 
tion  acidulated  with  hydrochloric  acid,  in  hexagonal  plates  and  prisms, 
of  a  bright  dark-red  color.  Formed  in  acidulated  solution  of  bismuth 
chloride,  it  is  of  bright  yellow  color,  and  gives  a  good  qualitative  analyti- 
cal indication.  A  corresponding  compound  was  obtained  when  pyridine 
salts  were  treated  with  potassium  bismuthic  iodide  (Dragendorft's  alka- 
loidal  reagent).  This  product  crystallizes  also  in  hexagonal  plates. 
Composition  (C,H5N)3(HI)3  Bi,  I,. 

Krant  has  reported  (Annalen,  210,  319)  the  corresponding  piperidine 
compound  to  be  (CsHuN),  (HI)3  Bi^  le-  The  piecipitate  formed  by 
Dragendorff*s  reagent  and  atropine  salts  we  find  to  have  the  composition 
C,7H,3N03)3(HI)3  Bi?  le-  Those  of  brucine,  and  of  strychnine,  re- 
spectively (C,3H,6N,04)3  (HI);,  Bi,  Ig,  and  (Cg,H«gN,04)3(HI)3  Bi« 
If;.  Therefore,  accounting  these  compounds  as  '* double  salts"  in  the 
sense  of  halogen  addition  compounds,  these  formulae  are  consistent  with 
their  obvious  constitution,  in  one  order  for  all  pyridine  derivatives,  and  id 
another  order  for  fatty  alkyl  compounds. 

[This  paper  will  be  printed  in  the  Journal  of  the  American  Chemical 
Society.] 


KOLATANNIN.     By  Prof.  A.  B.  Pkescott  and  J.  W.  T.  Knox,  Ann  Arbor, 
Mich. 

Thk  authors  And  all  the  tannin  of  the  kola  nut,  that  combined  with 
caffein  and  that  uncombined,  to  be  a  single  chemical  individual,  distinct 
from  any  tannins  previously  found  in  beverage  plants  or  elsewhere.  It 
adiieres  to  the  '*  oak  tannin  group,"  not  to  the  *'  gall  tannin  group."  It  is 
homologous  with  the  caffetannic  acid  of  Hlasiwetz,  but  on  the  contrary 
is  not  a  glucosld.  It  purifies  to  perfect  constancy  of  composition, 
C,6H,„0k:  yields  at  once  a  pentacetyl  derivative;  yields  also  succes- 
sively tri-  tetra-  penta-  and  with  diflflculty  a  hexai)romine  substituted  de- 
rivative. These  substitution  products  are  the  same  whether  :iceiyl  or 
bromine  be  substituted  first  in  order.  But  the  hexabrom  kolatannin  forms 
a  tetracetyl  derivative  instead  of  a  pentacetyl.  Kolatannin  and  its  brom- 
derivatives  form  first  to  fourth  anhydrides.  By  boiling  with  dilute  acids 
it  forms  a  **  red,"  which  is  a  mixture  of  two  or  more  bodies  of  variable 
composition,  not  justifyini;  the  kola-red  of  Knebel  and  Hilger.  Kolatan- 
nin can  be  made  to  yield  both  protocatechuic  acid  and  phlorogiucin.  The 
authors  desire  to  determine  other  decomposition  products  before  deciding 
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npon  the  most  probable  constitntional  formula,  which  mnst  be  of  Interest, 
first,  in  the  pure  chemistry  of  the  tannins  at  large,  and  second,  In  the 
physiological  chemistry  of  the  caflTeln  compounds  of  the  beverage-plants. 
This  paper  Is  In  continuation  of  that  of  the  authors  In  1896 :  J.  Am.  Chem. 

Soc.,  19,  63.  ^         ^^      .    I 

[This  paper  will  be  printed  In  the  Journal  of  the  American  Chemical 

Society.] 


On  thb  chbmistry  of  mbthylkne.    By  Prof.  J.  U.  Nkf,  University  of 
Chicago,  Chicago,  III. 

The  existence  of  two  series  of  hydrocarbons,  C*Hj,  and  of  their  hal- 
ogen substitution  products  has  been  estabUshed  by  experiment,  name- 
ly: I,  of  acetylidene,  CHg=C;  of  chlor-  brom-  and  lodoacetylidene, 
CH  X  =  C  (where  X  =  CI,  Br  or  I) ;  of  diiodoacetylidene,  IgC  =  C.  These 
substances  all  contain  bivalent  carbon;  they  are  all  very  poisonous  com- 
pounds, spontaneously  combustible  and  enormously  reactive.  Most  thor- 
oughly studied  thus  far  have  been  diiodoacetylidene  (formerly  regarded 
as  dliodoacetylene,  1  C=C  I,  and  which  is  strikingly  like  phenylisocyanide, 
Ctf  H,N  =  C,  in  odor  and  in  its  reactious ;  and  monobromacetylidene  whiih 
has  previously  been  supposed  to  be  bromacetylene,  Br  C  =^  CH  ;  this  sub- 
stance resembles  poisonous  phosphorus  in  a  remarkable  manner  and 
might  consequently  well  be  termed  vegetable  phosphorus. 

It  has  also  been  made  highly  probable  that  the  acetylene  salts  are  de- 
rivatives of  acetylidene,  e.  g.,  that  calcium  carbide  has  the  formula 
Ca  =  C=  C ;  the  salt  is  consequently  entirely  analogous  to  cyanide  of 
potash  K  N  =  C,  in  structure.  It  is  the  intention  of  the  author  to  de- 
velop the  chemistry  of  acetylidene  and  of  its  substitution  products  to  the 
fullest  extent. 

II,  of  acetylene  CH  =  CH,  and  its  mono- and  dl-halogen  substitution 
products,  X  —  C=  OH  and  X  -  C  =  CX  (where  X  =  CI  Br  or  I).  These 
are  all  sweet  smelling,  harmless  compounds,  which  possess  very  slight 
chemical  activity  compared  with  the  isomeric  acetylidene  derivatives.  At 
the  present  lime  the  only  halogen  substitution  product  of  acetylene  known 
Is  iodoacetylene,  CI  =  CH.  This  is  a  sweet  smelling  liquid  (b.  pt  29^2°) 
discovered  recently  by  Paterno :  it  is  indifferent  towards  an  excess  of 
iodine.  The  isomeric  iodacetylidene  CHI  =  C,  on  the  other  hand,  is  a 
frightfully  poisonous,  extremely  reactive  substance,  which  will  be  ex- 
haustively studied  during  the  coming  year. 

It  is  the  purpose  of  the  author  to  isolate  in  the  future,  if  possible,  hU 
the  isomeric  compounds  demanded  from  the  theoretical  standpoint. 

[This  paper  will  be  printed  in  Lieblg's  Annalen  der  Chemie;  also  by  ihe 
University  of  Chicago.] 
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On  THK  CON8TITUIION   OF  SOME  HYPUAZONKS.      By  Prof.  PaUL   C.  FlIKKR, 

Ann  Arbor.  Mich. 

Thk  hydrazone  of  acetone  is  brominated  top  brom  acetone  hydrozone; 
it  is  then  oxidized  to  an  explosive  azo  body  by  air;  the  same  result  is  true 
of  other  hydraznnes,  excepting  that  of  pyruvic  acid. 

[This  paper  will  be  printed  in  the  American  Chemical  Journal.] 


Detbrmination  of   the    volatility  of  phosphorus  pentoxide.     liy 
Prof.  E.  W.  MoRLBY,  Cleveland,  Ohio. 


On  the  action  of  sodium  on  metiiylpropylketonb  and  on  acetophe- 
NONE.    By  Prof.  Paul  C.  Freer,  .Ann  Arbor,  Mich. 

Methylpropylketone  and  acetophenone  yield  sodium  derivatives  which 
react  readily  with  benzoyl  chloride  to  form  dlbenzoylmethylpropylketone 
and  the  benzoate  of  isomethylpropylketone  and  from  acetophenone,  tri- 
be nzoyl  methane  and  the  benzoate  of  tribeuzoylmethane.  In  addition 
there  are  considerable  quantities  of  halogen  containing  oils  formed. 

[This  paper  will  be  printed  in  the  American  Chemical  Journal.] 


The  decomposition  of  heptane  and  octane  at  high  temperatukes. 
By  A.  W.  BuRWEix,  Ph.D.,  Ithaca,  N.  Y. 


1)ERIVATIVB8  OF  ENOENOL.     By  F.  J.  PoND  and  F.  F.  Beers. 

(Read  in  Joint- Station  vrith  American  Chemical  Society.) 


Recent  progress  in  analytic \i.  chemistry.     By  Prof.  L.  M.  Dennis, 
Cornell  University.  Ithaca.  N.  Y. 

A  review  of  the  progress  in  analytical  chemistry  for  the  past  eighteen 
months. 
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QUALITATiyB  ANALYSIS,   A  POINT    IN    TSACHINO    THAT    WAS    NOT    A    FULL 

SUCCB8S.    By  Prof.  A.  L.  Green,  Purdue  University,  Lafayette,  Ind. 


A  NEW  COLOR  STANDARD.      By  Ellkn  H.  Ric HARDS,   Massachusetts  In- 
stitute of  Technology,  BoAton,  Mass. 


Notes  on  the  evidences  of  dissociation  in  dilute  soap  solutions. 
By  Elijsn  H.  IUchards,  Massachusetts  Institute  of  Technology, 
Boston,  Mass. 


A  comparison  of  methods  of  detkrminino  carbon  dioxide  and  car- 
bon MONOXIDE.  By  Prof.  L.  M.  Dennis  and  C.  G.  Edgar,  Cornell 
University,  Ithaca,  New  York. 

[This  paper  will  be  printed  in  the  Journal  of  the  American  Chemical 
Society.] 


A   prrliminart  thkrmo-chemical   study    of    iron  and  steel.      By 
Prof.  E.  D.  Campbell  and  Firman  Thompson,  Ann  Arbor,  Mich. 

[This  paper  will  be  printed  in  the  Journal  of  the  American  Chemical 
Society.] 


Further  study  on  the  influence  ok  heat  tkeatment  and  carbon 
upon  the  solubility  of  phosphorus  in  strel.  By  Prof.  E.  D. 
Campbell  and  S.  C.  Babcock,  Ann  Arbor,  Mich. 

[This  paper  will  be  printed  in  the  Journal  of  the  American  Chemical 
Society.] 


On  the  chemical  composition  of  cement  plaster.    By  Prof.  E.  H.  S. 
Bailey,  State  University,  Lawrence,  Kansas. 

The  material  used  for  making  cement  plaster  is  found  over  large  areas 
in  Kansas,  Indian  Territory  and  Texas.  It  is  an  earthy  powder,  com- 
posed of  sand,  clay,  calcium  carbonate,  and  a  varying  quantity  of  calcium 
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Hulphate.  The  composition  in  a  single  bed  varies  greatly  in  different  parts. 
The  process  of  manafactare  of  the  plaster  Is  described,  and  a  series  of 
analysis  is  given  of  the  crude  material,  the  finished  plaster,  dast,  tailings 
and  the  '*  set"  cement.  Some  of  the  calcium  is  no  doubt  present  in  com- 
bination with  silica.  The  amount  of  water  in  the  set  material  is  practi- 
cally the  same  as  in  the  original  gypsite  or  crude  material. 

[This  paper  will  be  printed  In  the  Report  of  the  Geological  Survey  of 
Kansas.] 


On  reactions  bbtwkrn  mkrcury  and  C(»nckntrated  sulphuric  acid. 
By  Prof.  Charles  Baskerville  and  F.  VV.  Miller,  University  of 
North  Carolina,  Chapel  Hill.  N.  C. 

If  mercury  in  excess  be  heated  with  concentrated  sulphuric  acid,  mer- 
curous  sulphate,  sulphur  dioxide  and  water  are  produced,  it  matters  not  at 
wliat  temperature  the  reaction  is  caused  to  take  place.  If  the  acid,  how- 
ever, be  in  large  excess  at  100^  C.  mercurous  sulphate  is  produced  with  some 
mercuric  sulphate.  At  150^  C.  the  crystalline  compound  produced  pos- 
sesses the  formula,  Hgg  (804)2  or  Hg<  SO4.  HgSOf.  If  the  temper- 
ature be  increased  the  amount  of  mercurous  sulphate  decreases  until  the 
reaction  is  carried  out  at  the  boiling  point  of  the  acid  when  mercuric 
sulphate  alone  is  produced.  No  hydrogen,  hydrogen  sulphide  or  free 
sulphur  is  formed. 

[This  paper  will  be  printed  in  the  Journal  of  the  American  Chemical 
Society.] 


On  ths  PBODUcnoN  of  a  carbohydrate   from   eqg  albumin.    By 
Dr.  John  G.  Spenzrr,  Cleveland,  O. 

The  statement  has  been  made  by  Favy,  that  egg  albumin  will,  when 
boiled  first  with  potassium  hydroxid  solution  and  then  with  dilute  sul- 
furic acid,  furnish  a  carbohydrate  similar  to  or  identical  with  the  animal 
gum  of  Landwehr.  SchUtzenberger  also  said  albumin  heated  with  dilute 
sulfuric  acid  or  barium  hydroxid  solution  gives  a  strongly  reducing  sub- 
stance resembling  glucose.  Egg  albumin  freed  from  cell  membrane,  glob- 
ulin sugar  and  ovamucoid,  constituents  proven  by  Morner  to  exist  in  hen's 
egg,  gave  no  such  body  by  the  treatment  designated.  Ordinary  impure 
albumin,  however,  does  present  the  characters  already  mentioned  by  Favy 
and  Schiitzenberger. 

The  writer  is  of  the  opinion,  based  on  his  observations,  that  the  carbo- 
hydrate either  preexists  in  the  white  of  egg,  or  Is  produced  from  the  ova- 
mucoid by  the  action  of  hot  dilute  mineral  acids. 
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On  the  action  of  watkr  on  hai.ogkn  substitutkd   aliphatic  ACII>8. 
By  E.  A.  DkIUrr,  Ann  Arbor.  Mich. 

(Head  in  Joint-Session  tcith  American  Chemicai  Society.)    ^ 

The  decomposilion  of  mono-  dl-  and  trichloracetic  acids  and  of  the  cor- 
responding brominated  products  were  described,  with  curves  showing 
the  velocity  and  limits  of  the  reactions  in  question. 

[This  paper  will  be  printed  In  the  American  Chemical  Journal] 


On  the  determination  of  fat  in  faeces.      By  Herman  Poole,  New 
York  City. 

ICommunicated  by  the  Secretary.'] 

[This  paper  will  be  published  in  the  Journal  of  the  American  Chemical 
Society.] 


Apparatus  for  photometric  determination  of  lime  and  sulphuric 
ACID.  By  Prof.  J.  I.  D.  Hinds,  Cumberland  University,  Lebanon, 
Tenn. 

(Read  in  Joint-Session  with  American  Chemical  Society.) 

THE   APPARATUS. 

The  apparatus  consists  of  a  cylinder  twenty  centimeters  high  and  four 
centimeters  wide,  graduated  from  the  inner  surface  of  the  bottom  in  cen- 
timeters and  tenths.  In  connection  with  this  a  common  candle  and  a 
lipped  beaker  are  used 

For  Sulphuric  Acid,  Add  to  a  sufficient  quantity  of  the  water  to  be 
tested  a  few  drops  hydrochloric  acid  and  then  enough  solid  barium  chlorid 
to  precipitate  all  the  sulphuric  acid.  Mix  well  by  pouring  back  and  forth 
between  cylinder  and  beaker.  Holding  the  cylinder  some  twelve  inches 
above  the  lighted  candle  and  looking  downward  pour  the  liquid  into  the 
cylinder  until  the  image  of  the  candle  flame  just  disappears ;  then  read  the 
height  of  the  liquid  in  the  cylinder. 

For  Lime.  Precipitate  the  lime  with  solid  ammonium  oxalate  and  pro- 
ceed in  exactly  the  same  manner  as  indicated  above. 

[For  full  discussion  of  the  method  and  results  see  author's  paper  in 
Journal  of  the  American  Chemical  Society,  vol.  18,  no.  8,  August,  189«.] 
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Constitution   of  aksbnopyritk.    By  Prof.  Edoau  F.  Smith,  Univer- 
sity of  Fennsylyania,  Philadelphia,  Pa. 

In  a  verbril  communication  the  author  gave  evidence  of  the  presence  of 
a  large  quantity  of  ferrous  iron  in  arsenopyrite,  showed  that  the  arsenic 
was  present  in  its  trlvalent  form,  and  that  the  sulphur  content  of  the 
mineral  was  quantitatively  expelled  when  the  latter  was  heated  in  hydro- 
gen. 


On  solutions  of  silicates  ok  thk  alkalies.  By  Louis  Kahlenbeiki, 
Ph.D.,  and  Azariah  T.  Lincoln,  B.S.,  University  of  Wisconsin, 
Madison,  Wis. 

Solutions  of  pure  silicic  acid  were  prepared  by  treating  sodium  sili- 
cate with  excess  of  hydrochloric  acid  and  d ialy zing  —  method  of  Graham. 
Solutions  of  pure  alkaline  hydroxides  were  also  prepared.  These  solu- 
tions were  then  mixed  in  equivalent  proportions  to  form  clear  solu- 
tions of  known  strength  of  silicates  of  the  formulse  M  H  Si 0:|,  Mg,  Si  O^, 
M<  Sift  On,  where  M  is  either  Na,  K,  Li,  Rb,  or  Cs.  It  was  established 
experimentally  that  a  solution  of  an  alkaline  silicate  formed  by  dissolving 
the  s&U  obtained  by  fusing  together  alkali  and  silicic  acid  is  identical 
with  t,htLt  obtained  by  adding  to  a  colloidal  solution  of  silicic  acid  the 
proper  amount  of  caustic  alkali.  The  lowering  of  the  freezing  point  of 
the  solutions  was  determined  by  Beckmann's  method  at  various  dilutions. 
The  strongest  solution  tested  contained  one-eighth  of  the  mol.  wt.  of  the 
salt  in  grams  per  liter.  The  results  obtained  show  that  these  .silicates  are 
very  largely  hydrolytically  dissociated  in  solutions  into  caustic  alkali  and 
colloidal  silicic  acid.  This  conclusion  is  of  importance  to  the  geologist 
as  well  as  to  the  chemist  as  it  increases  our  knowledge  of  the  condition 
in  which  silicic  acid  exists  in  natural  waters.  The  electrical  conductivity 
of  these  silicate  solutions  was  also  determined.  The  results  obtained 
confirm  those  of  the  cryoscoplc  work.  Further  investigations  on  other 
physico-chemical  properties  of  the  solutions  are  still  in  progress. 

In  presenting  the  results  charts  were  used. 

[This  paper  will  be  printed  in  Journal  of  Physical  Chemistry.] 


A   NEW   FORM  OP   discharger    FOK    SPARK    SPECTRA    OF    SOLUTIONS.       By 

Prof.  L.  M.  Dennis,  Cornell  University,  Ithaca,  N.  Y. 

[This  paper  will  be  published  in  the  Journal  of  American  Chemical 
Society.] 
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The    blkctrical   conductivity   and  the   ki^ecfrolyris    of   certain 

SUBSTANCES   DISSOLVED    IN    LIQUID  AMMONIA.      By  HAMILTON  P.  CaDY 

and  E.  H.  S.  Bailey,  State  University,  Lawrence,  Kansas. 

The  remarlcable  similarity  existing  between  certain  crystalline  salts 
containing  water  of  crystallization  and  similar  salts  containing  ammonia, 
has  suggested  the  idea  that  perhaps  water  and  ammonia  might  be  analo- 
gous in  Home  of  their  other  properties.  Acting  on  this  suggestion  it 
was  thought  best  to  test  the  dissociative  power  of  liquid  ammonia  on  dis- 
solved substances. 

The  experiments  were  made  in  vacuum-jacketed  tubes,  and  the  liquid 
ammoniii  used  was  the  ordinary  commerical  material  used  by  ice  manu- 
facturers. It  was  found  that  the  liquid  ammonia  did  not  conduct  the 
electric  current ;  but,  if  salts  such  as  ammonium  chloride  be  dissolved  in  the 
ammonia,  the  current  is  conducted.  Salts  of  various  metals  were  dis- 
solved in  the  liquid  ammonia,  and  the  products  of  the  electrolysis,  which 
takes  place  when  the  current  is  passed  through  the  solution,  were  studied. 

Ammonia  will  dissolve  metallic  sodium,  and  then  the  solution  becomes 
an  exctillent  conductor,  but  no  gas  is  evolved,  and  there  is  no  deposit  on 
the  electrodes.  There  are  no  signs  of  a  polarization  current,  and  it  was 
noticed  that  the  molecular  conductivity  rises  with  the  concentration.  The 
solution  acts  then  like  a  metal  and  not  like  an  electrolyte. 

From  experiments  on  the  solution  of  various  salts  in  liquid  ammonia 
it  is  seen  that  the  latter  has  the  power  of  dissociation  of  dissolved  sub- 
stances to  as  great  extent  as  water,  and  the  resemblance  between  ammonia 
and  water  as  solvents  is  much  greater  than  supposed. 


The  RATE  OK   SOLUTION  OF  SOLID  SUBSTANCES  IN  THEIR  OWN  SOLUTIONS. 

By  A.  A.  NoYEs,  Ph.D.  and  W.  R.  Whitney,  Ph.D.,  Massachusetts 
Institute  of  Technology,  Boston,  Mass. 

Cast  sticks  of  benzoic  acid  and  of  lead  chloride  were  rotated  In  bottles 
of  water  in  a  thermo.stat  for  varying  lengths  of  time.  The  resulting  solu- 
tions were  analyzed  and  from  the  mean  values  of  many  determinations  the 
law  was  established  that : 

The  velocity  of  solution  of  a  solid  substance  in  its  own  solution  is  pro- 
portional to  the  difference  between  the  concentration  of  this  solution  and 
that  of  the  saturated  solution. 

[This  paper  will  be  printed  in  the  Journal  of  the  American  Chemical 
Society.] 
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On  a  mrthod  for  obskrvikg  the  ratig  of  action  of  a  liquid  upon 
A  SOLID.  By  A.  Vernon  Harcoukt,  lieader  In  Chemistry  at  Ciirist 
C'harch,  Oxford,  England. 

The  author  drew  and  described  the  apparatus  which  he  had  devised  for 
making  observations  of  the  rate  of  action,  under  constant  conditions,  of 
various  liquids  upon  various  substances  which  could  be  brought  into  a 
spherical  form.  The  liquid  was  driven  rapidly  backwards  and  forwards 
in  a  U-tube  in  one  limb  of  which  the  small  solid  ball  was  supported  on 
three  projections.  A  glass  float  Htruck  the  ball  from  beneath  each  time 
that  the  liquid  oscillated,  and  changed  its  position.  The  volume  of  liquid 
was  very  large  relatively  to  the  mass  of  solid  dissolved  in  each  experi- 
ment, so  that  the  liquid  was  practically  of  constant  composition.  The 
temperature  was  kept  constant  by  the  immersion  of  the  U-tube  in  a  large 
vessel  of  water  the  temperature  of  which  was  carefully  set  and  regulated. 

At  the  beginnlne:  and  end  of  each  experiment  the  small  sphere  was 
wirighed.  and  from  these  weighings  the  density  of  the  substance  having 
been  determined,  the  mean  area  exposed  to  the  action  of  the  liquid  was 
calculated 

The  motor  employed  to  drive  the  liquid  to  and  fro  was  a  form  of  hot- 
air-engine  which  the  author  had  devised  It  can  be  made  and  put  together 
in  a  quarter  of  an  hour,  consisting  of  a  piece  of  combustion  tubing  closed 
at  one  end  and  drawn  out  at  the  other  to  half  its  former  diameter  at  a 
distance  of  three  inches  from  the  closed  end.  The  drawn  out  part  is  bent 
at  right  angles  and  its  open  end  Is  flxed  with  a  ring  of  India  rubber  In  one 
limb  of  a  U-tube  of  from  100  to  200  c.  c.  capacity.  The  U-tube  is  half 
filled  with  mercury  and  the  combustion  tube  heated  to  as  high  a  tempera- 
ture as  it  will  bear  without  softening.  A  small  oscillation  is  given  to  the 
mercury  which  then  continues  to  oscillate  strongly,  alternately  driving 
air  Into  the  heated  chamber  and  being  driven  back  by  the  expansion  of 
the  heated  air. 


SoSffE     CONTRIBUTIONS    TO    METHODS    OF    TEffriNO    WHEAT    FLOUR;     WITH 

ILLUSTRATIONS.     By  Prof.  R  C.  Kedzik,  Agricultural  College,  Mich. 


Recent  progress  in  agricultural  chemistry  pkeparkd  by  request 
OP  THE  Secretary  of  Section  C.  Prof.  H.  W.  Wiley,  U.  S. 
Department  of  Agriculture,  Washington,  D.  C. 

This  paper  contains  a  r6sum6  of  recent  progress  in  the  lines  of  agricul- 
tural chemistry.  The  method  of  preparing  nitragin  and  of  inoculating 
seeds  and  soils  therewith  is  described.  A  statement  is  given  of  the  re- 
sults of  Snyder's  work  in  the  nourishment  of  plants  with  humates.    The 
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effect  of  vegetable  soils  in  increasing  the  nitrogenous  content  of  oats  is 
described.  The  work  of  Maz6  proving  that  symbiosis  is  not  a  necessary 
condition  for  the  activity  of  the  nitrifyins;  organisms  inhabiting  the  nod- 
ules of  legumlnossB  is  noticed.  The  sources  of  the  original  nitrogen  first 
available  for  vegetable  food  are  pointed  out.  These  sources  are  doubtless 
metallic  nitrids  or  some  similar  combinations.  Recent  progress  in  the 
Ntudy  of  denitrifying  organisms  is  described  and  the  controversy  between 
the  French  and  German  schools  of  agriculture  noted.  The  latest  informa- 
tion on  the  methods  of  activity  of  the  chlorophyll  cells  is  referred  to  as 
illustrating  our  present  knowledge  of  vegetable  metabolism.  The  work 
of  Wheeler  on  the  acidity  of  soils  is  noted  and  also  the  method  of  Tacke 
of  determiniDf]:  the  quantity  of  acid  in  soils.  Reference  is  made  to  the 
discussion  which  is  progressing  in  regard  to  the  possibility  of  replacing 
potash  with  soda  and  the  most  recent  facts  relating  lo  the  subject  set 
forth.  A  review  of  the  data  on  this  subject  shows  that  there  is  no  valid 
ground  for  asserting  that  soda  can  in  any  way  essentially  replace  potash 
as  an  element  of  plant  food.  The  work  of  Osborne  on  the  separation  and 
study  of  the  properties  of  the  cereal  proteids  is  collated  and  the  factors 
appropriate  for  the  conversion  of  nitrogen  in  the  different  cereals  into 
protein  given.  The  chief  changes  from  the  old  factor  of  6. 25  are  found  in 
wheat,  rye  and  barley.  The  factor  for  uiaizt%  as  determined  by  Osborne, 
is  practically  the  same  as  the  one  whtch  is  commonly  employed.  The  im- 
portance of  the  use  of  basic  slags  as  fertilizing  materials  is  pointed  out 
and  the  methods  of  valuation  briefly  discussed. 


Caloriks  of  combustion  of  cerkals  and  cereal  products  calculated 
FROM  ANALYriCAL  DATA.  By  Prof .  H.  W.  WiLEY  and  W.  D.  Bigelow, 
U.  S.  Department  of  Agriculture,  Washington,  1).  C. 

Factors  for  calculating  the  calories  of  combustion  are  given  and  the 
results  compared  with  the  data  obtained  by  direct  combustion.  The  re- 
sults of  the  investigations  show  that  the  approximate  factors  are  : 

For  oil,  9300 

"    protein,      6900 
"    starch,       4200 

When  the  calculated  calories  differ  by  more  than  100  from  the  numbers 
directly  determined  it  is  advisable  to  repeat  both  the  analysis  and  the  com- 
bustion. 


MkTHODS   of  hTARCH    DETERMINATION   IN  CEREALS   AND  CEREAL  PRODUCTS. 

By  Prof.  H.  W.  Wiley  and  W.  H.  Krug,  Washington,  D  C. 

The  standard  methods  of  starch  determination  in  cereals  are  enumer- 
ated.   Comparative  determinations  of  the  starch  by  the  different  methods 
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are  given.  Variations  of  the  methods  are  described  and  illustrated.  It 
is  shown  that  all  the  methods  depending  on  heating  In  an  aatoclave  ab  a 
high  temperature,  in  the  presence  of  an  organic  acid,  give  results  which 
are  too  high,  due  to  the  conversion  of  carbohydrates  not  starch  into  re- 
ducing sugars.  The  superiority  of  the  methods  depending  on  digestion 
with  diastase  at  fifty  or  sixty  degrees  is  pointed  out.  A  comparison  of 
the  activity  of  ordinary  diastase  and  taica  diastase  is  given.  It  Is  dem- 
onstrated that  the  diastase  method  properly  manipulated  gives  results 
for  starch  which  are  approximately  correct,  being  possibly  a  trifle  too 
high.  It  is  demonstrated  that  with  careful  manipulation  by  the  analytical 
methods  pointed  out  the  sum  of  the  analytical  data  In  the  case  of  a  cereal 
approximates  100  per  cent,  but  that  the  variation  Is  naturally  greater  than 
in  the  case  of  a  mineral  substance. 


The  solubility  of  pbntosans  in  the  reagents  employed  in  the  esti- 
mation OF  STARCH.  By  W.  H.  Krug  and  Prof.  H.  W.  Wiley,  Wash- 
ington, D.  C. 

When  cereals  are  heated  in  an  autoclave,  in  an  atmosphere  of  steam,  at 
a  pressure  of  from  two  and  a  half  to  three  atmospheres,  for  the  purpose 
of  rendering  the  starch  soluble,  caramelization  is  \\ke\y  to  occur,  unless  a 
minute  quantity  of  some  organic  acid  be  present.  Lactic  and  tartaric 
acids  are  the  ones  usually  employed,  but  salicylic  acid  was  found  by  the 
authors  preferable  in  most  cases.  All  of  these  acids,  however,  exert  a 
great  solvent  effect  on  the  pentosans  which  are  present  in  the  cereal 
grains.  More  than  three-quarters  of  the  total  pentosans  present  may  be 
brought  into  solution  by  the  method  mentioned.  In  the  determination  of 
starch,  it  is  necessary  to  take  Into  account  the  pentosans  passing  into 
solution,  since  on  subsequent  hydrolysis  they  are  converted  into  xylose 
or  arabl nose  and  thus  increase  iho  apparent  percentage  of  starch.  The 
assertion  of  Kdnig  to  the  effect  that  pentosans  are  also  soluble  in  dias- 
tase was  investigated.  Careful  determinations  showed  only  a  trace  of 
solubility  of  the  pentosans  In  this  reagent  and  the  analytical  data  obtained 
do  not  agree  with  those  cited  by  Konig. 


A  CONTINUOUSLT  revised  compendium  OF  chemistry.      By  E.  E.  EWEI.L, 

Washington,  D.  C. 


The  poisons  of  tuberculosis  bacillus.     By  E.  A.  De  Schweinitz, 
Washington,  D.  C. 

(Read  in  Joint-Seasion  with  American  Chemical  Society. j 
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Thb  dilatombtric  measurement  of  thk  velocity  of  a  reaction.  By 
W.  R.  Whitnky,  Ph.D.,  Massachusetts  Institute  of  Technology, 
Boston,  Mass. 

Thp.  velocity  of  the  hydrolysis  of  a  sugar  solution  was  dilatometrlcally 
observed,  using  for  apparatus  a  quarter-litre  Woulfe  bottle,  three  feet  of 
straight  glass  tubing  of  about  2  mm.  internal  diameter  and  a  thermome- 
ter. The  bottle  was  filled  with  the  mixed  sugar  and  acid  solution  and  the 
contraction  in  the  volame  of  this  mixture  noted  by  the  fall  of  the  menis- 
cus in  the  tube  which  penetrated  a  cork  in  the  filled  bottle.  The  constants 
from  the  heights  of  this  meniscus  and  the  corresponding  times  by  the 

formula  C=-j  Ig  ^—fj  (where  t  is  the  expired  time,  «  the  total  contrac- 
tion, and  X  the  contraction  at  time  t)  were  found  to  be  satisfactory. 

[This  paper  will  be  printed  in  the  Journal  of  the  American  Chemical 
Society.] 


Some  records  of  progress  in  industrial  chemistry.     By  W.  Mc- 
MuRTRiK.  Ph.D.,  New  York,  N.  Y. 

A  STATEMKNT  of  what  has  been  done  in  aotae  lines  of  industrial  chemis- 
try during  the  past  eighteen  months. 


Joint  sessions  were  held  with  The  American  Chemical  Society. 


FiFTRBNTH     AnMUAL    RbPORT    OF     THE     COMICITTBE     ON      INDEXING 

Chemical  Literature. 

The  Committee  on  Indexing  Chemical  Literature  presents  to  the  Chem- 
ical Section  Its  fifteenth  annual  report,  covering  the  twelve  months  end- 
ing August,  1897. 

WORKS  PUBLISHED. 

Becalculation  of  the  Atomic  Weights,  By  Frank  Wiggles  worth  Clarke. 
New  edition  revised  and  enlarged.  Constants  of  Nature,  Part  V. 
Smithsonian  Miscellaneous  Collections,  1075.  City  of  Washington, 
1897.     pp.  vi— 870.     8vo. 

Ifidex  to  the  Literature  of  the  Periodic  Law.  In :  *' Development  of  the 
Periodic  Law."    By  F.  P.  Venable.    Easton,  Pa.,  1896.    12mo. 

Partial  Bibliography  of  Argon.  By  C.  Le  Roy  Parker.  Accompanying 
his  paper:  *'Our  Present  Knowledge  of  Argon."  J.  Am.  Chem.  Soc. 
XIX,  124  (Feb.  1897). 

Bibliography  of  Agricultural'  Chemistry  {American).  Bulletins  of  the 
Office  of  Experiment  Stations,  United  States  Department  of  Agricul- 
ture, 

In  our  fourteenth  annual  report  the  following  correction  should  be 
made :  for  Bulletin  No.  9  read  Bulletin  No.  19,  and  add  Bulletin  No.  27 
(1896). 

A  card-index  to  Experiment-Station  Literature  is  issued  by  the  Office 
of  Experiment  Stations ;  this  is  sent  gratis  to  all  the  Agricultural  Col- 
leges and  Experiment  Stations  in  the  United  States,  and  is  sold  to  a 
limited  number  of  individuals  and  institutions.  Eleven  thousand  cards 
had  been  distributed  prior  to  September  1896. 

The  detailed  index  included  in  each  volume  of  the  '^Experiment  Station 
Record  **  contains  numerous  references  to  chemical  articles  published  by 
the  Experiment  Stations  in  the  United  States  and  in  foreign  countries. 

AbBtraets  of  Chemical  Work  in  Agricultural  Science,  published  in:  ** Ex- 
periment Station  Record,"  issued  by  the  office  of  Experiment  Sta- 
tions, United  States  Department  of  Agriculture. 
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These  Abstracts  were  begun  in  Vol.  I,  No  1.  (September,  1889). 
Abstracts  of  foreign  investigations  were  added  i)eginning  with  Vol.  ii. 
No.  8  (March,  1891)  and  these  have  been  included,  with  a  quite  rapid 
growth  In  the  field  covered,  up  to  the  pn-sent  time.  The  woik  is  in 
charge  of  Dr.  E.  W.  Allen,  who  is  assisted  by  Mr.  W.  H.  Beal  in  the  de- 
partments of  fertilizers  and  soils,  and  by  the  CJommittee  on  Abstracting 
of  the  Association  of  Official  Agricultural  Chemists. 

The  Review  of  American  Chemical  Besearch  edited  by  Prof.  Arthur  A. 
Noyes,  begun  in  April,  1895,  and  formerly  published  In  the  * 'Technol- 
ogy Quarterly,"  is  continued  in  the  "Journal  of  the  American  Chem- 
ical Society." 

Periodicals  Belating  to  Chemistry  and  Physics  in  the  New  York  Public 

Library  and  Columbia  University  Library.     Bulletin  of  the  New 

York  Public  Library,  Astor,  Lenox  and  Tilden  Foundations.     Vol.  I. 

No.  6.     June  1897,     Page  162. 

A  very  convenient  check-list  compiled  with  bibliographical  accuracy, 

especially  useful  to  students  residing  in  New  York  and  vicinity. 

Bibliography  of  the  Analysis  of  Chrome-iron  Ore,  Ferro-Chromium  and 
Chrome-steel.  By  S.  Rideal  and  S.  Uosenblum.  Chem.  Ne^rs,  Vol. 
73,  p.  2.     (Jan.  3,  1896.) 

A  Bibliography  of  the  Chemistry  of  Chlorophyll  by  L.  Marchlewski,  ac- 
companies his  mono^rraph:  "Die  Chemie  des  Chlorophylls."  Ham- 
burg and  Leipzig,  1895.    8vo. 

REPORTS  OK   PROGRK86. 

A  Bibliography  of  the  Metals  of  the  Platinum  Group,  1748-1896,  by  Pro- 
fessor James  Lewis  Howe  has  been  completed,  and  after  examination 
by  your  Committee  has  been  recommended  to  the  Smithsonian  Insti- 
tution for  publication.     The  work  is  now  going  through  the  press. 

A  Beview  and  Bibliography  of  Metallic  Carbides,  by  Mr.  J.  A.  Mathews, 
of  Columbia  University,  was  submitted  to  your  Committee,  and 
after  examination  by  each  member,  the  MS.  was  returned  to  the 
author  for  minor  improvements.  The  suggestions  of  the  Committee 
were  promptly  accepted  by  Mr.  Muthews,  and  the  revised  work  has 
been  recommended  to  the  Smithsonian  Institution  for  publication. 

A  Bibliography  of  Basic  Slags,  Technical,  Analytical  and  Agricultural,  Yi9^ 
been  completed  by  Karl  T.  McElroy  of  the  Division  of  Chemistry.  U. 
S.  Department  of  Agriculture.  The  channel  of  publication  has  not 
been  determined. 

The  second  edition  of  the  Catalogue  of  Scientific  and  Technical  Periodicals. 
1665-1895,  by  Dr.  H.  Carrington  Bolton,  is  entirely  printed,  hut  pub- 
lication is  deferred  owing  to  the  preparation  of  a  new  Library  Check 
List,  with  which  it  will  be  accompanied.  The  new  edition  contains 
8603  titles. 
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A  Supplement  to  the  Select  Bibliography  of  Chemistry,  1492-1896,  has  been 
completed  by  Dr.  H.  Carringtoii  Bolton,  who  has  presented  the 
MS.  to  the  Smithsonian  Institution.  This  Supplement  contains 
about  9000  titles,  Including  many  chemical  dissertations,  and  Is  brought 
down  to  the  end  of  the  year  1896. 

Dr.  C.  H.  Joflet  reports  his  Index  to  the  Literature  of  Thorium  "  nearly 
finished.** 

Dr.  F.  W.  Traphagen  reports  "fair  progress"  on  his  Index  to  the  Literature 
of  Tantalum, 

Mr.  George  Wagner  reports  that  he  has  made  progress  on  the  Bibliog- 
raphy of  Oxygen. 

Mr.  H.  E.  Brown,  under  the  direction  of  Professor  A.  B.  Prescott,  is 
preparing  a  Bibliography  of  the  Constitution  of  Morphine  and  related 
Alkaloids. 

Professor  William  Ripley  Nichols,  of  the  Massachusetts  Institute  of 
Technology,  at  the  time  of  his  death  left  an  unfinished  *' Index  to  the 
Literature  of  Carbonic  Oxid ;"  the  MS.  was  taken  In  hand  by  Professor 
Augustus  H.  6111  of  the  same  institution,  who  has  done  considerable 
worlc  upon  It;  he  now  reports  that  he  is  not  in  a  position  to  finish  the 
task  and  he  is  perfectly  willing  to  relinquish  the  large  amount  of 
roattirlal  accumulated  to  anyone  who  would  undertake  to  complete  it. 

Professor  Clement  W.  Andrews,  formerly  of  the  Massachusetts  Institute 
of  Technology  and  now  Librarian  of  the  John  Crerar  Library,  Chicago, 
reports  that  he  is  obliged  to  abandon  work  on  his  Index  to  the  Litera- 
ture of  Milk,  and  will  be  very  glad  to  turn  over  the  material  to  anyone 
who  cares  to  undertake  to  complete  the  bibliography. 

It  has  always  been  the  aim  of  the  Committee  on  Indexing  Chemical 
Literature  to  prevent  duplication  of  work,  but  failure  to  inform  the  Com- 
mittee of  work  in  progress  may  defeat  this  undertaking.  An  announce- 
ment in  the  Fourteenth  Annual  Report,  of  certain  work  having  been  nearly 
completed,  surprised  a  chemist  in  another  part  of  the  country,  and  has 
led  to  the  abandonment  by  the  latter  of  much  laborious  indexing. 

In  conclusion  the  Committee  repeats  the  statement  that  it  labors  to 
encourage  Individual  enterprise  in  chemical  bibliography,  and  to  record  In 
the  annual  reports  works  issued  and  works  in  progress. 

Address  correspondence  to  the  Chairman,  at  Cosmos  Club,  Washington, 
D.  C. 

r  H.  Carrinoton   Bolton,  Chairman, 
I   F.  W.  Clarke, 

Committee,  \  ^-  I'  ^'''=^«* 

j  A.  B.  Prescott, 

Alfred  Tuckerman, 

1^    H.    W.    WiLKY. 
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THE  GBOUNDWOBK  OF  DYNAMICS. 


The  subject  of  dynamics  is  too  often  treated  as  if  its  chief  val- 
ue consisted  in  the  opportunities  it  affords  for  familiarizing  the 
student  with  the  operations  of  the  differential  and  integral  calcu- 
lus.    It  is  regarded  as  a  department  of  npplied  mathematics  rather 
than  of  mechanical  science.     That  this  should  be  the  case  is  un- 
fortunate ;  at  the  same  time  it  is  not  in  the  nature  of  things  alto- 
gether avoidable.     The  student  cannot  afford  the  time  involved  in 
deferring  the  study  of  dynamics  until  he  has  acquired  a  working 
knowledge  of  the  calculus.  As  a  consequence  he  becomes  confused 
respecting  the  origin  of  his  difficulties,  and  possibly  attributes  to 
his  ignorance  of  mathematics,  misconceptions  the  nature  of  which 
may  be  purely  dynamical.     It  would  be  of  great  benefit  to  him  to 
have  the  opportunity  of  attending,  before  the  close  of  his  studies, 
a  short  course  of  lectures  on  the  fundamental  principles  of  the 
subjert,  that  is  to  say  the  conceptions  springing  directly  from  ex- 
perience, upon  which  the  science  is  founded.     The  mind  of  the  in- 
dividual resembles  in  its  mode  of  growth  the  mind  of  the  race. 
'I'he  study  of  the  historical  development  of  mechanical  ideas  will 
go  a  great  way  in  clearing  up  difficulties  which  arise  from  adhering 
too  closely  to  one  line  of  thought.   Many  of  the  greatest  advances 
in  science  are  the  result  of  changes  of  the  point  of  view.     Such 
changes  correspond  in  some  measure  with  the  process  known  to 
the  mathematician  as  the  transformation  of  coordinates,  a  process 
which  often  transforms  a  mass  of   bruin-wearying  symbols   into 
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ordered  groups  instinct  with  life  and  meaning.  It  will  be  well 
therefore  for  the  student  of  dynamics  occasionally  to  make  the 
endeavor  to  transform  his  coordinates  and  view  the  subject  from 
different  standpoints.  For  this  purpose  it  is  unnecessary  that  he 
should  be  an  expert  in  refined  mathematical  analysis.  It  is  reqai- 
site,  on  the  other  hand,  that  he  should  possess  in  some  degree, 
what  may  be  called  the  mechanical  instinct.  The  whole  power  of 
modern  analysis  has  not  proved  sufficient  to  solve,  in  its  generality, 
the  problem  of  the  three  bodies  ;  a  problem  extremely  useful,  never- 
theless, as  an  illustration  of  dynamical  principles. 

The  science  of  statics,  or  the  laws  of  composition  of  forces  and 
couples,  was  developed  from  rude  experiments  made  with  springs 
and  with  strings  and  weights ;  the  tensions  of  the  strings  being 
measured  by  the  weights.  The  conditions  necessary  in  these  ex- 
periments were,  that  the  body  to  which  the  springs  or  strings  were 
fastened  should  be  maintained  by  tliem  at  rest,  and  that  all  changes 
of  shape  and  size  should  have  ceased.  Statics  was  thus  estab- 
lished without  the  introduction  of  the  ideas  of  mass  and  accelera- 
tion. In  this  stage,  however,  its  laws  were  supposed  to  apply  only 
to  rigid  bodies  at  rest.  The  facts  to  be  noted  are,  that  force  was 
recognized  as  a  fundamental  conception,  and  that  methods  of  meas- 
uring it  and  the  laws  of  composition  of  forces  were  discovered 
without  reference  to  motion  except  in  the  respect  that  rest  was  sup- 
posed to  be  a  necessary  condition. 

The  connections  between  force  and  motion,  the  subject  matter 
of  dynamics,  were  established  by  observing  the  motions  of  falling 
bodies,  pendulums,  bodies  rolling  and  sliding  down  inclined  planes, 
colliding  spheres,  bodies  connected  by  strings  running  over  pul- 
leys, etc.  In  making  these  experiments  it  was  necessary  to  know 
the  forces  acting.  As  the  only  scientific  knowledge  of  force  at 
the  time  was  contained  in  the  laws  of  statics,  the  assumption  was 
made  that  these  laws  were  true  even  though  the  bodies  were  mov- 
ing and  whether  the  velocities  were  increasing,  decreasing,  or 
changing  in  direction.  This  was  a  change  of  the  point  of  view 
which  was  fruitful  in  important  results.  It  was  found,  however, 
that  while  the  above  assumption  was  justified  in  the  case  of  the 
composition  of  forces,  and  in  the  case  of  weights  when  considered 
as  forces  acting  on  the  heavy  bodies  themselves,  it  was  not  true  to 
assume  that  the  tension  of  a  string  in  motion  is  measured  by  the 
attached  weight.  The  true  indication  of  the  tension  in  a  string  was 
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recognized  to  be  the  same  as  in  the  case  of  a  spring,  viz. ,  the  elonga- 
tion. Again,  while  in  statics  the  principal  objects  were  the  strings 
and  weights,  and  the  bodies  to  which  the;  were  attached  were  of 
little  or  no  accoant,  in  the  dynamical  experiments  the  bodies  as- 
sumed importance.  The  conception  of  mass  was  introduced,  and 
was  found  to  correspond  with  the  commercial  idea  of  quantity  of 
material,  as  determined  by  the  balance  and  weights.  The  results 
of  these  experiments  are  contained  in  the  laws  of  dynamics  or  the 
laws  of  motion,  as  they  are  usually  called^  which  may  be  summa- 
rized as  follows : — 

I.  That  no  change  in  a  body's  motion  of  translation  takes  place 
except  by  the  action  of  external  force. 

II.  That  external  forces  impress  on  a  body  changes  of  momen- 
tum in  their  own  directions  at  rates  proportional  to  tlieir  magni- 
tudes. 

III.  That  action  and  reaction  are  equal  and  opposite,  and  in  the 
same  line. 

It  seems  to  be  a  matter  of  doubt,  whether  Newton,  in  his  state- 
ment of  the  laws  of  motion,  which  I  have  thus  paraphrased,  intended 
to  affii-m  that  action  and  reaction  are  in  the  same  line.  Whether 
there  be  ground  for  this  doubt  or  not,  the  idea  is  implied  in  D' Alem- 
bert's  principle  and  is  accepted  as  true. 

The  third  law  is  a  law  of  force,  the  value  of  which  is  seen  when 
the  mutual  actions  of  bodies  are  to  be  considered.  Without  this  law 
the  laws  of  statics  and  of  motion  would  refer  to  actions  on  one  body 
only. 

It  was  evident  that  the  laws  of  composition  of  forces  could  be 
considered  as  corollaries  of  the  laws  of  motion ;  so  that  from  the 
latter  a  moie  comprehensive  view  of  the  measurement  of  force  was 
gained,  than  from  the  statical  experiments.  Thus  the  statical  method 
of  measuring  force  by  balancing  the  tension  of  one  string  or  spring 
against  that  of  another  was  interpreted  dynamically  by  assuming 
that  the  body  upon  which  the  springs  acted  remained  at  rest  in 
consequence  of  receiving  from  the  forces  opposite  changes  of  mo- 
mentum at  the  same  rate.  It  followed  that  if  the  springs  were  to  act 
singly,  they  would,  other  things  being  equal,  produce  equal  rates  of 
change  of  momentum.  Thus  dynamics  furnished  a  new  method  of 
measuring  force  which  agreed  with  that  by  means  of  springs. 

Fui-ther  investigation  in  the  light  of  the  new  principles  showed 
that  the  method  of  measuring  forces  by  weights  agreed  with  the 
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spring  measurement  and  with  the  dynamical  measurement  when  the 
condition  was  observe<l  that  the  weights  were  kept  in  the  same  lo- 
cality, but  in  general  not  otherwise  Dynamics  gave  an  explanatioD 
of  this  anomaly  by  showing  that  the  forces  of  the  weights  were  due 
to  gravity,  which  evidently  might  change  in  intensity  from  place  to 
place,  although  the  masses  of  the  weights  remained  unaltered.  The 
measurement  of  force  by  weights  was  thus  shown  to  be  a  special 
case  of  the  general  dynamical  method.  Also  it  resulted  that  the 
measurement  of  force  by  weights  was  in  principle  the  same  as  the 
measurement  by  springs,  the  w^eight  and  the  earth  together  consti- 
tuting a  spring  whose  elastic  force  is  gravity. 

It  is  of  little  use  in  the  early  dynamical  training  of  a  student  to 
dwell  on  the  fact  that  the  unit  of  force  in  dynamical  measure  is  a 
force  which  produces  unit  acceleration  in  unit  mass.  It  may  even 
do  hai*m.  It  may  have  the  effect  of  leading  him  to  believe  that  the 
refined  methods  of  measuring  force  by  means  of  weights  and  springs, 
which  are  the  only  methods  used  in  the  laboratory,  are  wrong,  and 
that  the  testing  machines  and  pressure  gauges  of  the  engineer  are 
beneath  contempt.  It  ought  to  be  impressed  upon  him  that  all  the 
methods  of  measuring  force,  approved  by  experience,  are  equally 
scientific  and  equally  absolute  and  give  exactly  the  same  result, 
aside  from  unavoidable  experimental  error,  provided  that  the  proper 
conditions  in  each  case  are  obsei*ved ;  also,  that  the  choice  of  the 
method  depends,  just  as  in  the  case  of  everything  else  in  life, 
upon  the  objects  in  view  and  the  circumstances. 

We  now  come  to  the  period  of  the  development  and  extension 
of  the  laws  of  motion.  While  proved  in  the  case  of  small  bodies 
and  motions  of  limited  range,  it  by  no  means  followed  that  they 
applied  to  the  motions  of  the  tides  or  of  the  planets.  Newton  by 
the  aid  of  his  happy  intuition,  the  law  of  gravitation,  put  new 
meaning  into  them  and  extended  their  jurisdiction  over  all  visible 
and  measurable  motions  within  the  solar  system. 

All  motion  ivS,  so  we  are  taught,  relative ;  and  the  motion  which 
is  uniform  and  in  a  straight  line  with  reference  to  one  set  of  axes , 
may  be  varying  and  in  a  very  crooked  line  when  referred  to  another 
set,  and  perfect  rest  with  regard  to  a  third  set.  The  question  then 
is,  for  what  axes  are  the  laws  of  motion  true?  It  is  very  certain 
that  the  stresses  in  the  springs,  by  which  forces  are  measured,  are 
in  no  wise  affected  by  the  choice  of  axes  of  reference. 

Imagine  a  cube  of  rubber,  with  several  points  marked  on    its 


ADDRRSS  BT  JOHN  galbraith.  167 

faces,  and  consider  the  lines  joining  one  of  these  points  with  the 
others.  The  angles  between  these  lines  measure  the  relative  di- 
rections of  the  terminal  points  from  the  initial  point.  Now  set 
the  cube  in  motion ;  stresses  and  strains  are  generated,  in  conse- 
quence of  which  the  relative  directions  of  the  lines  undergo  small 
alterations.  Why  do  these  changes  of  direction  remain  within 
small  limits?  Evidently  on  account  of  the  nature  of  the  material 
connecting  the  points. 

Consider  now  another  system  of  points  whose  relative  directions 
as  time  goes  on  remain  almost  unchanged,  namely,  the  fixed  stars. 
Is  it  possible  that  they  may  be  moving  like  the  points  on  the  rub- 
ber cube?  Observational  astronomy  indicates  that  they  are  at  im- 
mense distances  from  the  earth  and  from  each  other.  If  the  law 
of  gravitation  holds  for  them  their  mutual  attractious  must  be  so 
feeble  that  they  form  a  practically  unconnected  system.  The  con- 
stancy of  their  relative  directions  cannot  therefore  be  accounted 
for  as  in  the  former  case  by  the  action  of  the  matter  between  them, 
but  must  be  attributable  to  some  other  cause.  The  distinction  be- 
tween the  two  cases,  which  is  very  real,  is  recognized  by  assuming 
that  a  line  may  have  absolute  direction ;  and  the  stars  are  said  to 
preserve  their  absolute  directions  from  the  earth.  Again :  the  as- 
sumption that  both  the  law  of  gravitation  and  the  laws  of  motion 
are  true  for  the  solar  system  leads  to  the  result  (in  consequence  of 
its  vast  distance  from  the  stars)  that  its  centre  of  mass  has  little 
or  no  acceleration ;  in  other  words,  is  either  at  rest  or  in  uniform 
motion  in  a  straight  line. 

Now  although  the  ideas  of  absolute  direction  and  absolute  rest 
or  uniform  motion  in  a  straight  line  may,  from  the  kinematical 
point  of  view,  be  incomprehensible,  yet  in  dynamics  these  terms  in- 
dicate very  definite  facts.  It  id  only  by  the  choice  of  the  centre 
of  mass  of  the  solar  system  as  origin  and  by  using  the  stars  to  fix 
the  directions  of  the  axes,  that  it  is  possible  to  make  the  observed 
motions  of  the  planets  fit,  at  the  same  time,  the  law  of  gravitation 
and  the  laws  of  motion.  It  is  unnecessary  to  enter  into  the  details 
of  the  work ;  sufiSce  to  say,  it  is  a  process  of  trial  and  error,  of 
assumption,  computation  and  check  by  observation. 

The  following  dynamical  consideration  enables,  in  certain  eases, 
a  more  convenient  origin  to  be  used  than  the  centre  of  mass  of  the 
solar  system. 

If  equal  accelerations  are  impressed  on  the  bodies  whose  motions 
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and  mutual  forces  are  under  coDsideration,  by  the  attraction  of  the 
remainder  of  the  solar  system,  it  is  evident  that  their  motions  re- 
ferred to  an  origin  at  their  common  centre  of  mass,  with  axes  fixed 
in  direction  by  the  stars,  will  be  affected  only  by  their  mutual  ac- 
tions. Also,  assuming  the  laws  of  motion  to  apply,  these  motions 
so  measured  will  show  the  whole  effect  of  their  mutual  actions, 
since  the  latter  have  no  effect  on  the  motion  of  their  centre  of  mass. 
It  is  thus  possible  in  discussing  the  lunar  tides  to  use  as  origin 
the  centre  of  mass  of  the  earth  and  moon,  and  in  the  case  of 
terrestrial  bodies  the  centre  of  mass  of  the  earth.  It  may  be  noted 
that  whether  the  primary  origin  or  such  subsidiary  origins  be  used, 
the  equations  for  the  mutual  forces  under  consideration  are  the 
same  ;  the  effect  of  the  change  of  origin  appearing  only  in  the  con- 
stants of  integration.  It  will  be  convenient  to  term  all  such  sets 
of  axes,  including  the  primary  set,  absolute  axes. 

It  now  remains  to  determine  whether  the  absolute  axes  will  give 
results  agreeing  with  those  already  obtained  in  the  small  scale  ex- 
periments, with  axes  fixed  in  the  earth  ;  and,  if  they  do  not,  whether 
the  discrepancies  can  be  explained. 

If  no  explanation  could  be  given  of  such  discrepancies,  it  is  evi- 
dent that  the  science  of  dynamics  would  be  resolved  into  a  bun- 
dle of  empirical  rules,  describing  the  various  axes  of  reference  that 
applied  in  different  cases,  and  the  range  of  applicability  in  each 
case. 

In  order  to  make  the  comparison,  it  will  be  necessary  to  obtain 
the  data  lequired  for  transformation  from  the  absolute  set  of  axes 
with  origin  at  the  earth's  centre,  to  axes  fixed  in  the  earth  with 
origin  in  the  locality  of  the  experiments.  These  data  are  furnlBhed 
by  astronomical  observations.  When  the  transformation  is  made 
there  appear  on  the  left  hand  side,  let  us  say,  of  the  equation  ,  the 
rate  of  change  of  momentum  of  the  body  relative  to  the  axes  fixed 
in  the  earth,  and  on  the  right  hand  side  the  attractions,  tensions 
and  other  impressed  forces,  together  with  certain  terms  involving 
the  relative  motion  of  the  two  sets  of  axes. 

In  the  equations  of  the  original  experiments  no  terms  of  the  lat- 
ter kind  occurred.  There  are  three  ways  of  accounting  for  the 
difference.  Either  the  forces  are  different  in  the  two  sets  of  equa- 
tions, or  the  new  terms  are  so  small  as  to  be  within  the  limits  of 
experimental  error,  or  each  experiment  or  class  of  experiments  re- 
quires its  special  set  of  axes. 


ADDRRSd   BT   JOBN    OALBRAtTU.  169 

Experience  shows  that  the  explanation  lies  in  the  first  or  second 
alternatiye  ;  the  third  is  not  true. 

These  terms  are  generally  negligible  in  laboratory  experiments. 
It  is  necessary  to  consider  them  in  the  theory  of  winds  and  ocean 
carrents.  Their  presence  in  the  equations  has  suggested  experi- 
ments with  pendulums  and  gyrostats,  which  confirm  their  truth. 
We  are  justified  by  experience,  for  inptance.  in  believing  that  in 
the  northern  hemisphere  moving  bodies  tend  to  the  right,  in  the 
southern  hemisphere  to  the  left ;  bodies  moving  eastward  tend  to 
rise,  westward  to  fall ;  and  that  bodies,  whether  at  rest  or  in  motion, 
tend  to  move  outwards  from  the  polar  axis.  All  such  tendencies 
are  represented  by  the  terms  under  consideration.  They  may  be 
regarded  when  written  on  the  force  side  of  the  equations  as  repre- 
senting relative  or  fictitious  forces,  fictitious  because  they  corre- 
spond to  DO  actions  of  matter,  but  are  the  consequence  simply  of  the 
motion  of  the  axes  of  reference  relative  to  the  absolute  axes. 

Sometimes  it  happens,  as  has  been  indicated,  that  the  discrepancy 
lies  in  the  fact  that  the  forces  in  the  two  sets  of  equations  are  dif- 
ferent, although  referring  to  the  same  experiment.  Consider  the 
case  of  a  body  suspended  from  a  spring.  Referred  to  axes  fixed 
in  the  earth  it  is  at  rest  and  the  inference  is,  that  the  attraction  of 
the  earth  is  equal  and  opposite  to  the  tension  of  the  spring.  Re- 
ferring however  to  the  same  axes  by  transformation  from  the  abso- 
lute axes,  there  appears  in  addition  to  the  terms  representing  the 
tension  of  the  spring  and  the  attraction  of  the  earth,  a  new  term, 
a  relative  or  fictitious  force,  known  as  the  centrifugal  force.  The 
inference  now  is,  that  the  attraction  of  the  earth  is  greater  than 
the  tension  of  the  spring  instead  of  being  equal  to  it.  If  this  in- 
ference be  accepted  as  the  true  one,  the  question  arises,  which  of 
the  original  forces  was  wrong,  or  were  both  astray?  Remembering 
that  the  intrinsic  indication  of  the  force  exerted  by  the  spring  is 
its  elongation,  and  that  of  attraction  the  acceleration  caused  by 
it,  also  that  acceleration  depends  on  the  choice  of  axes  of  ref- 
erence, while  the  elongation  of  a  spring  does  not,  there  can  be  no 
hesitation  in  deciding  that  the  error  lay  altogether  in  the  estimate 
of  the  attraction.  The  fictitious  force,  while  itself  invisible,  also 
rendered  invisible  a  portion  of  the  earth's  attraction.  By  using 
proper  axes  of  reference  its  true  character  is  revealed  and  its  power 
for  evil  destroyed.  If  the  mechanism  of  attraction  were  not  con- 
cealed, or  if  it  had  some  distinguishing  mark  other  than  accelera- 
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tion,  and  it  were  possible  to  experiment  with  it  as  with  springs, 
sQch  an  error  could  not  be  made,  even  with  improper  axes  of  ref- 
erence. 

A  convenient  way  of  regarding  the  laws  of  motion  is  to  con- 
sider, as  before,  the  second  law  as  affirming  the  relation  between 
force  and  change  of  momentum  and  the  first  and  third  as  asserting 
the  principle  of  conservation  of  momentum ;  the  third  implying 
that  momentum  passes  from  one  body  to  another  without  change, 
and  the  first  tiiat  the  only  way  by  which  the  momentum  of  a  body 
can  suffer  alteration  is  by  part  of  it  passing  into  another  body. 
Again,  if  it  be  assumed  that  the  third  law  implies  that  action  and 
reaction  are  in  the  same  straight  line,  the  principle  of  the  conser- 
vation of  angular  momentum  will  follow. 

The  stat-ement  is  sometimes  made  that  the  ''  bodies "  of  New- 
ton's laws  must  be  regarded  as  particles.  I  cannot  take  this  view  : 
they  are  real  bodies,  of  all  sizes,  and  with  all  the  qualities  known 
and  unknown  of  such  bodies.  They  are  not  the  imaginary  bodies  of 
the  mathematician,  the  dramatis  personce  of  the  algebraic  theatre, 
possessing  only  the  qualities  arbitrarily  assigned  to  them  for  the 
special  purpose  of  the  investigation  in  hand. 

The  laws  of  dynamics  thus  hold  for  all  bodies  within  the  solar 
system  whose  masses,  forces  and  motions  have  been  observed  and 
measured  ;  but  the  motions  must  be  measured  with  essential  refer- 
ence to  only  one  set  of  axes,  namely,  a  set  whose  origin  is  in  the 
sun  and  whose  directions  are  fixed  by  the  stars. 

Kinematics  deals  with  relative  motion ;  Dynamics  with  the  Mottut 
AbsohUvs  of  the  Principia. 

We  now  pass  to  the  consideration  of  the  laws  of  energy  in  their 
dynamical  relations. 

In  the  discussion  of  statics  as  the  forerunner  of  dynamics,  atten- 
tion was  directed  mainly  to  the  springs,  and  strings  and  weights,  by 
which  the  forces  were  measured.  The  original  statical  experiments 
may  also  be  regarded  as  the  source  of  the  principles  of  energy  in 
connection  with  mechanical  science.  From  this  point  of  view  the 
bodies  upon  which  the  forces  act  come  into  prominence,  not  be- 
cause of  their  masses  as  in  dynamics,  bat  on  account  of  their 
shapes,  sizes  and  rigidity.  Thus  the  experiments  were  made  with 
levers,  pulleys,  inclined  planes,  wedges,  etc. ;  in  fact,  with  appli- 
ances for  doing  work,  the  mechanical  powers  of  the  text- books. 
In  the  statical  principle  of  virtual  velocities  we  have  the  origin  of 


ADDKB88    BT   JOHN    GALBRAITH.  171 

the  principle  of  the  equivalence  of  work  and  energy.  To  men  of  all 
times  the  most  natural  way  of  regarding  force  has  been,  as  the  action 
by  which  material  is  stretched,  bent,  twisted,  broken  or  displaced, 
i,  e.,  whereby  work  is  done.  Even  the  word  momentum,  in  the  lan- 
guage of  ordinary  life,  implies  the  power  of  doing  work.  It  is  worth 
consideration,  whether  it  may  not  be  better  in  the  instruction  of 
students  to  work  up  to  the  ideas  of  dynamics  through  elementai7 
examples  of  the  equivalence  of  work  and  kinetic  energy,  rather 
than  by  taking  the  ordinary  balloon  passage  to  the  laws  of  motion. 
While  less  systematic  and  formal  this  procedure  would  be  more 
natural  and  probably  more  useful. 

The  laws  of  energy  may  be  summarized  as  follows :  When  work 
is  done  on  a  body  an  equivalent  amount  of  energy  is  partly  trans- 
formed and  partly  transferred  without  transformation.  It  is  in  gen- 
eral partly  transmitted  to  other  bodies  with  which  the  given  body 
may  be  in  physical  connection.  Its  transformations  are  into  stored 
energy  and  dissipated  energy.  Examples  of  stored  energy  are  the 
potential  energies  due  to  gravitation,  the  forces  of  elasticity,  mag- 
netic and  electrical  attractions  and  molecular  forces.  Such  forces 
are  termed  conservative.  Kinetic  energy  is  another  form  of  stored 
energy.  Energy  is  dissipated  by  means  of  the  forces  of  viscosity 
and  friction,  known  as  dissipative  forces.  Energy  is  also  stored 
and  dissipated  in  certain  electrical,  electro-magnetic,  thermal,  chem- 
ical and  other  actions  which  have  not  been  identified  with  force  and 
which  therefore  are  not  dynamical. 

In  order  that  work  may  be  done  there  must  be  a  source  of  energy, 
or  place  from  which  it  comes,  and  a  sink,  or  place  to  which  it  goes, 
together  with  an  energy  stream  from  the  source  to  the  sink.  When 
work  is  done  continuously  the  energy  stream  is  accompanied  by  a 
circuit  or  system  of  stored  energy  which  acts  automatically  as  a 
moderator  of  its  fluctuations. 

The  principle  of  conservation  affirms  that  energy  can  neither  be 
created  nor  destroyed,  so  that  its  changes  are  changes  in  form  but 
not  in  amount. 

The  principle  of  the  equivalence  of  work  and  energy  is  analo- 
gous to  the  second  law  of  motion,  considered  as  expressing  the 
equivalence  of  impulse  and  momentum ;  that  of  the  conservation 
of  energy  has  its  analogue  in  the  third  and  first  laws  of  motion  re- 
garded as  afiQrming  the  conservation  of  momentum. 

Newton  notices  this  analogy  in  his  scholium  to  the  laws  of 
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motion  in  the  words,  "just  as  bodies  in  cases  of  collision  have  tlic 
same  effect,  whose  velocities  are  inversely  as  their  masses,  so  in 
patting  machines  in  motion,  agents  have  the  same  effect,  whose 
velocities,  in  the  directions  of  their  forces,  are  inversely  as  these 
forces."  The  now  well-known  reference  in  the  same  scholium  to  the 
action  of  machines,  the  importance  of  which  was  pointed  out  in 
Thomson  and  Tait's  Natural  Philosophy,  was  in  continuation  of  the 
same  line  of  thought. 

The  impulse  or  time  integral  of  a  force  is  fully  accounted  for  by 
the  change  of  momentum,  while  the  work  or  displacement  integral 
is  only  partially  accounted  for  by  the  change  in  kinetic  energy,  in 
all  oases  of  real  bodies.  The  reason  for  the  difference  is  that  the 
laws  of  motion  are  a  complete  statement  of  our  experience  of  force 
in  relation  to  the  motion  of  a  body  as  a  whole,  i,  e.,  the  motion  of 
its  centre  of  mass.  On  the  other  hand,  the  laws  of  energy  require 
the  consideration  not  only  of  this  motion  but  also  of  all  internal  mo- 
tions and  forces. 

The  principle  of  the  equivalence  of  work  and  energy  is  a  statement 
of  an  effect  of  force  essentially  different  from  its  effect  in  produc- 
ing change  of  momentum.  It  might  be  supposed,  therefore,  that 
this  principle  would  be  useful  in  affording  another  means  of  meas- 
uring force.  The  impossibility  in  general  of  measuring  the  whole 
change  of  energy  due  to  an  unknown  force,  acting  through  an  ob- 
served distance,  renders  this  idea  to  a  great  extent,  fruitless.  If  the 
laws  of  energy  are  true,  such  a  method  of  measuring  force  must 
give  the  same  result  as  the  dynamical  method.  The  measurement 
of  force  by  springs  is  based  on  this  principle,  and  not  on  the  second 
law  of  motion.  Although  no  attempt  is  made  to  measure  the  change 
of  energy  due  to  the  work  of  extending  a  spring,  yet  experience 
goes  to  show  that  the  energy  changes,  due  to  given  extensions  made 
in  the  same  order,  are  constant  and  therefore  the  corresponding 
forces  are  constant. 

The  connection  between  the  laws  of  energy  and  those  of  motion  may 
be  stated  as  follows  :  Energy  and  work,  like  force,  are  fundamental 
conceptions  gained  from  experience  and  having  vari-  us  relations 
with  phenomena  wiiich  can  be  discovered  only  as  a  result  of  experi- 
ment aniiobservalion.  One  of  these  relations  is  that  work  is  propor- 
tional to  the  product  of  force  into  displacement.  This  relation  is 
therefore  a  natural  law,  of  the  same  order  of  importance  as  the 
second  law  of  motion,  and  not  a  mere  verbal  definition.  Experience 
thus  gives  a  dynamical  measure  of  work  as  well  as  of  force. 
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The  law  of  equivalence  of  work  and  energy  tiien  establishes  work 
as  a  dynamical  measure  of  energy. 

The  laws  of  motion  combined  with  this  law  of  energy,  establish 
the  result  that  kinetic  energy  is  proportional  to  the  product  of  mo- 
mentum and  velocity  and  thus  furnish  a  dynamical  method  of  meas- 
uring energy  in  its  kinetic  form.  This  is  the  sole  contribution  of 
the  laws  of  motion  to  the  science  of  energy. 

It  is  only  in  the  case  of  bodies  whose  internal  forces  and  motions 
are  known,  or  determinable  from  assumed  data,  in  other  words,  im- 
aginary bodies,  that  the  laws  of  energy,  as  far  as  they  are  consid- 
ered in  dynamics,  are  included  in  the  laws  of  motion  and  therefore 
become  unnecessary,  except  for  the  purpose  of  convenience  in  math- 
ematical analysis  or  economy  of  thought.  Even  in  such  cases  the 
expressions  for  work  and  energy  retain  a  flavor  of  their  original 
meaning,  and  do  not  altogether  degenerate  into  mere  mathematical 
symbols. 

The  science  of  dynamics,  as  it  is  understood  at  the  present  day, 
includes  among  its  fundamental  principles  in  addition  to  the  laws  of 
motion,  the  principle  of  the  equivalence  of  work  and  energy,  and 
the  principle  of  the  conservation  of  energy ;  energy  being  meas- 
ured, however,  only  in  terms  of  force  and  displacement,  or  momen- 
tum and  velocity. 

The  only  actions  known  in  dynamics  are  Force  and  its  integrals 
Impulse  and  Work.  To  identify  with  these,  all  other  actions  involv- 
ing the  transfer  and  transformation  of  energy,  such  as  the  conduc- 
tion of  heat,  chemical  reactions,  induction  of  electric  currents,  etc., 
forms  to-day  the  severest  task  of  mathematical  physics. 


PAPERS  READ. 

[AB8TKACT8.] 
A   UNIVKRSAL  ALTERNATOR  FOR  LABORATOKY  PURPOSES.      Bj  Prof .  HeNRT 

S.  Carhart,  UnlTersity  of  Michigan,  Ann  Arbor,  Mich. 

The  design  of  the  machine  was  adopted  for  the  following  reasons : 

1.  Simplicity  of  construction  in  the  engineering  shops  without  special 
tools  or  dies. 

2.  Its  similarity  to  a  bi-polar  dynamo  so  as  to  illustrate  two  or  three 
phase  current  generation,  but  without  the  limitation  of  low  frequency. 

3.  To  illustrate  the  effect  of  combining  £.  M.  F.*s  diffei-ing  in  phnse  in 
a  variety  of  ways. 

Both  the  field  and  the  armature  are  made  with  poles,  the  latter  having 
two  in9re  than  the  former.  The  field  is  the  revolving  member  and  is  of 
the  C.  E.  L.  Brown  type.  The  diameter  of  the  armature  pole  faccH  is 
10.25" ;  length  of  poles.  4" ;  width  of  poles,  1.6" ;  depth,  0.5".  The  arma- 
ture polen  were  wound  with  40  turns  of  No.  16  wire.  The  double  air  gap 
is  0.25".  The  field  coll  contains  1012  turns  of  No.  16  wire.  The  armature 
coils  are  connected  in  pairs  and  the  terminals  of  each  pair  are  brought 
up  to  a  board  on  top. 

Since  opposite  poles  of  the  field  are  of  opposite  sign,  while  the  cor- 
responding coils  of  the  armature  are  similarly  wound,  when  the  armature 
Is  connected  as  a  closed  coil,  the  E.  M.  F.'s  balance  exactly  as  with  a  bi- 
polar machine.  Hence  connections  may  be  made  for  two  or  three  phase  as 
with  a  bi-polar  dynamo. 

The  coils  may  also  be  joined  either  in  star  fashion  or  zigzag  across  so 
as  to  join  opposite  groups  with  no  phase  difference  between  them. 

The  phase  difference  from  coll  to  coil  is  one-twelfth  of  a  period.  Hence 
the  series  may  be  represented  by  a  regular  polygon  of  twelve  sides,  and 
the  phase  difference  reduces  the  E.  M.  F.  of  the  six  coils  in  series  to  0.648 
of  the  E  M.  F.  without  such  phHse  difference. 

With  2000  ampere-turns  in  the  field,  the  following  are  the  observed  and 
computed  values  of  the  voltage  for  the  several  connections  : 

Connection.                        Observed.  Computed. 

Two  phase  mesh,     ...        79  79 

"      star,      ...       112  112 

Three    *•     mesh,     .        .        •        69  68.6 

"     star,      ...       121  118.8 

**        ;'     zigzag,                   .       136  136.8 

[This  paper,  with  illustrations,  is  printed  in  the  American  Electrician, 
Nov.,  1897.] 
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Shall  ▲  new  and  arbituary  ** elastic  limit"  be  adoptep?    By  Prof. 
J.  B.  Johnson,  Washington  University,  St.  Louis,  Mo. 

The  author  urges  the  adoption  of  an  * 'apparent  elastic  limit,"  defined  as 
that  stress  (or  deformation)  at  which  tlie  rate  of  deformation  for  increas- 
ing stresses  is  50  per  cent,  more  than  it  Is  originally,  or  for  small  loads. 
Arguments  in  its  favor  were  offered  for  the  purpose  of  soliciting  a  dis- 
cussion. 


Machine  for   testing  journal  friction.     By  Prof.  Thcmas    Gray, 
Rose  Polytechnic  Institute,  Terre  Haute,  Indiana. 

In  this  machine  the  sample  journal  is  mounted  on  a  horizontal  shaft  and 
runs  in  a  bearing  of  any  metal  desired.  The  bearing  is  divided  into  an 
upper  and  lower  half  carried  in  a  similarly  divided  box.  The  two  halves 
of  the  box  are  pressed  together  and  the  bearing  metal  caused  to  press 
against  the  journal  by  means  of  a  pair  of  heavy  levers  which  grip  the  box 
between  a  pair  of  knife  ed^es  very  much  as  if  they  formed  a  large  pair  of 
nippers.  On  these  as  primary  levers,  a  secondary  set  of  lighter  levers  are 
mounted,  with  their  lengths  parallel  to  the  axis  of  the  journal,  for  the  pur- 
pose of  allowing  the  pressure  between  the  bearing  and  the  journal  to  be 
varied  and  adjusted.  The  whole  system  is  mounted  on  knife  edges,  in 
line  with  the  axis  of  the  journal,  so  as  to  be  free  to  swing  in  response  to 
the  f liction.  The  friction  moment  is  then  measured  by  means  of  weights 
as  a  steelyard  lever  which  is  fixed  to  the  lever  system  with  its  length  at 
right  angles  to  the  axis  of  the  shaft. 

The  machine  is  intended  to  take  journals  of  any  diameter  up  to  five  inches 
and  of  length  of  bearing  up  to  ten  inches.  The  total  pressure  may  be 
varied  from  zero  to  twenty  thousand  pounds. 


Theories  of  some  planimetkrs  without  the  aid  of  calculus.    By 
Prof.   Forrest  R.  Jones,  University  of  Wisconsin,  Madison,  Wis. 


A   graphical   solution    of    belting    pkoblems.     By    Prof.    John  J. 
Flather,  Purdue  University,  Lafayette,  Ind. 
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The  ultimate  stbkngth  of  a  concketk  beam  whkn  kkinkorckd  ky 
A  steel  bak  on  the  tension  side.  By  Prof.  J.  B  Johnson,  Wash- 
ingtoD  University,  8t.  Louis,  Mo. 

The  strength  of  a  combination  steel  concrete  l>eam  at  the  time  the  con- 
crete cracks  on  the  tension  side  has  been  solved. '  But  wlien  this  condition 
is  reached  only  about  one -third  of  the  ultimate  strength  of  the  beam  has 
been  developed.  It  remains  to  show  how  to  determine  the  strength  of 
the  beam  after  the  concrete  has  failed  on  the  tension  side  and  for  any  as- 
sumed tensile  strength  in  the  steel  rod,  as  at  the  elastic  limit  for  instance. 

To  solve  this  latter  case,  experiment  shows  that  the  following  assump- 
tions may  be  made : 

1.  The.  hair-like  cracks  in  the  concrete  are  so  frequent  that  the  steel 
bar  may  be  assumed  to  be  uniformly  stretched  near  the  middle  of  the 
space  and  at  the  same  time  rigidly  attached  to  the  adjacent  concrete. 

2.  Up  to  the  elastic  limit  of  the  steel  bar,  the  deformation  of  the  con- 
crete on  the  compression  side,  and  the  stretch  of  the  steel  bar  on  the 
tension  side  may  be  assumed  to  vary  directly  as  the  distance  from  the 
(unknown)  neutral  axis.  That  is,  a  section  plane  before  bending  remnins 
a  plane  after  bending. 

To  these  must  be  added  a  third  condition  imposed  by  the  laws  of  me- 
chanics, viz., 

8.  The  total  tensile  stress  on  any  cross-section  of  the  beam  equals  the 
total  compression  stress  on  the  same  section. 

From  these  we  may  derive  the  following : 

Distance  of  Neutral  Plane   from  the  Compression   Side  of  Beam  = 


y'Jae       Eg 
y'=     "b-       EC  (1) 

Moment  of  Resistance  of  Beam  ,=  M  =  f.    ^  jj-  yr-  +  « *'/  (2) 

^v  y 
Compressive  stress  in  the  Concrete  =  /^  =  /^  —j — -  /gx 

where 

a  =8  area  of  steel  bar  In  sq.  in. 

yi  =  distance  of  neutral  plane  of  the  cracked  beam  from  the  compres- 
sion side. 

f  ^  distance  of  center  of  steel  bar  from  the  neutral  plane  of  the  cracked 
beam. 

h  as  breadth  of  beam  in  question  ^  distance  between  tiie  steel  bars. 

Eg  »  modulus  of  elasticity  of  steel. 
^E^  ■=        **        **  **  **  concrete. 

fg  =s  tensile  stress  per  sq.  In.  in  the  steel  bar. 

f^  s  maximum  compressive  stress  per  sq.  in.  in  the  concrete. 

>  In  Germany  by  the  method  of  leaHt  workby  Juliut)  Manrll  in  JiaumaterinJfn  Kundr 
iHt  year,  heft  11,  et  aeq.:  and  In  thin  country  by  the  author  In  \\U  .Vfntfriah  of  Con- 
Mtr action  by  another  method. 
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The  above  fonnulfle  are  well  borne  (»ut  in  practice  M'hen  it  is  a  case  of 
simple  cross-bending,  free  from  all  arching  action.  In  deriving  these 
formnlsB  the  tensile  stress  in  the  concrete,  below  the  neutral  plane  and 
above  the  bottom  of  the  cracks,  is  neglected,  since  it  is  both  small  in 
amount  and  acts  with  a  very  short  arm,  hence  is  quite  inslgniflcaat  in 
making  up  the  moment  of  resistance.  The  modulus  of  elasticity  of  con- 
crete to  use  must  be  taken  from  a  stress  diagram  obtained  ft'om  a  test 
of  the  particular  concrete  mixtures  used,  and  it  must  be  figured  from  the 
total  derormation  between  the  origin  and  the  maximum  stress  developed 
on  the  compression  Hide  of  the  beam. 

[This  paper  is  printed  in  Engineering  News,  Oct.  21,  18!)7.] 


On  enoinkkring  conditions  connected  with  the  mounting  of  in- 
struments USED  on  bcupsb  EXPEDITIONS.  By  Prof .  David  P.  Todd, 
Amherst  College,  Amherst,  Mass. 

Prominently  they  are  three : 

(1)  The  first  is  rigidity  —  the  instruments  must  not  be  shaken  by  gusts 
of  wind,  always  likely  to  spring  up  at  the  time  of  the  total  phase  of  an 
eclipse  of  the  sun. 

(2)  The  second  is  lightness  of  construction.  Very  heavy  weights  are 
neither  economically  nor  conveniently  transported  nor  installed. 

(3)  A  smooth  and  perfect  clock-work. 

The  ordinary  form  of  equatorial  mounting  meets  none  of  these  condi- 
tions satisfactorily. 

One  of  the  objects  accomplished  by  the  Amherst  Eclipse  Expedition  to 
Japan  last  year,  was  the  devising  and  construction  of  a  new  form  of 
mounting  and  driving  clock  which  met  all  these  requirements  perfectly. 
Photograph  exhibited  embodies  the  final  designs.     (See  Plate.) 

Main  construction  of  piping  insures  lightness  and  ease  of  transporta- 
tion. 

Tripod  form  of  construction,  with  weight  of  instruments  not  connter- 
poised,  but  thrown  upon  the  clock,  gives  a  degree  of  rigidity  hitherto 
unattained,  and  which  ordinary  gusts  of  wind  do  not  in  the  least  disturb. 

The  novel  form  of  clock  motion  (an  accurately  surfaced  and  smoothly 
polished  cylinder  filled  with  glycerine)  affords  all  desired  precision  of 
movement  in  following  sun  and  stars. 

The  range  of  equatorial  motion  of  this  form  of  mounting  allows  every 
facility  for  the  needed  preliminary  test  and  adjustments. 


The  cement  laboratory  as  a  field  for  investigation.     By  Prof. 
Frkd.  p.  Spalding,  Cornell  University,  Ithaca,  N.  Y. 

Notwithstanding  the  large  amount  of  experimental  investigation  of 
recent  years,  knowledge  of  the  nature  and  properties  of  hydranlic  cement 
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is  Still  in  a  very  crade  state.  Much  difference  of  opinion  exists  amongst 
investigators  concerning  the  rea.*<on8  for  observed  phenomena,  while  en- 
gineers differ  radically  as  to  the  best  method  of  use.  The  subject  pre- 
sents, therefore,  nii  attractive  field  for  research. 

Lnboratories,  intended  for  purposes  of  instruction,  exist  in  many  engi- 
neering schools,  some  of  them  well  equipped  with  apparatus,  but  usually 
unable  to  afford  the  labor  necessary  in  carrying  out  extended  investiga- 
tions. Laboratoiies  for  testing  cement  upon  engineering  works  are  also 
common,  but  few  of  them  have  snfflcient  equipment  for  purposes  of  in- 
vestigation, but  some  permanent  ones  might  do  much  in  this  direction 
without  material  expense,  l)y  adopting  a  systematic  plan. 

Investigations  upon  cement  usually  require  many  experiments  and  need 
to  be  extended  over  long  peiiods  of  time. 

Many  data  have  recently  accumulated,  throwing  light  upon  many  diffi- 
cult points,  but  the  results  in  many  instances  seem  conflicting  and  Inyolve 
the  question  In  much  confusion.  The  tendency  to  make  a  few  experi- 
ments and  draw  general  conclusions  from  insufficient  data  has  been  very 
marked  in  this  line  of  work.  Failure  to  Investigate  fully  the  character 
of  the  material  used,  or  to  note  clearly  the  conditions  under  wliich  the 
experiments  are  made,  causes  much  confusion  in  comparing  work  of  differ- 
ent investigators.  Every  detail  of  manipulation  is  important,  and  great 
care  and  accuracy  are  essential  to  good  results. 


Calculation  of  the  knergy  loss  in  armature  corks.    By  Prof.  W. 
E.  GOLDSBOROUOH,  Purdue  University,  Lafayette,  Indiana. 

The  paper  discusses  the  character  of  the  internal  distribution  of  the 
magnetic  flux  In  laminated  iron  cores.  Experimental  results  are  cited  to 
show  that  the  flux  density,  in  a  section  of  the  core  taken  midway  between 
the  poles  and  parallel  to  the  shaft,  Is  much  greater  near  the  alrgap  sur- 
face than  near  the  inner  periphery.  When  the  armature  is  in  motion  this 
lack  of  even  distribution  is  intensified,  owing  to  the  repelling  force  ex- 
erted by  the  eddy  currents,  magnetic  sluggishness  In  the  Iron  and  the  dis- 
turbing reaction  of  the  armature  currents. 

The  experimental  results  were  obtained  by  threading  insulated  wires 
through  a  series  of  holes  drliled  in  a  lamlnatetl  Iron  core.  These  served 
as  exploring  colls. 

By  taking  the  uneven  distribution  into  account,  the  calculated  core 
losses  agree  with  experimental  determinations  without  the  introduction 
of  arbitrary  constants  into  the  formulae. 

[This  paper  will  be  printed  in  the  Electrical  World] 
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Fluk  gas  analysis  in  boilkr  TK8TS.    By  Prof.  D.  S.  Jacobus,  Stevens 
Institute,  Huboken,  N.  J. 

Thk  paper,  which  the  author  intends  to  publish  in  full  in  the  Transac- 
tions of  the  American  Society  of  Mechanical  Engineers,  will  contain  a 
comparison  of  the  results  obtained  by  means  of  the  Elliott  gas  analysis 
apparatus  for  the  composition  of  gas  with  the  composition  as  determined 
by  mixing  together  known  volumes  of  the  elementary  gases.  In  addition 
to  this,  the  errors  involved  by  the  absorption  of  the  gases  in  the  water 
used  in  the  apparatus  and  in  the  solutions  will  be  discussed. 

Experiments  already  made  have  shown  that  a  large  error  may  arise  in 
measuring  the  Initial  volume  of  the  gas  on  account  of  the  absorptive 
power  of  the  water  for  carbonic  acid  gas.  To  eliminate  this  error,  we 
pass  a  considerable  volume  of  gas  through  the  measuring  tube,  allowing 
it  to  bubble  up  through  the  water  in  the  bottle  which  forms  part  of  the 
apparatus.  This  causes  the  water  which  clings  to  the  sides  of  the  glass 
measuring  tube  to  become  saturated  with  gas,  so  that  there  is  no  absorp- 
tion before  recording  the  initial  volume;  whereas,  if  the  tube  is  simply 
filled  with  gas  without  forcing  an  excess  of  gas  through  it,  there  may  be 
a  considerable  amount  of  carbonic  acid  gas  absorbed  before  the  initial 
reading  is  obtained. 

To  obtain  an  average  sample  of  the  gas  over  any  desired  interval  of 
time,  we  use  collecting  bottles  which  we  shall  designate  A  and  B. 

The  bottle  A  is  completely  filled  with  water,  and  the  bottle  B  is  filled 
to  just  above  the  point  at  which  the  rubber  tube  is  connected  at  the  bot- 
tom. Gas  is  drawn  into  the  bottle  A  through  ihe  tube  leading  to  the  flue 
or  chimney.  When  gas  is  drawn  into  the  bottle  A,  the  bottle  B  is 
lowered.  The  rate  of  flow  of  gas  into  the  bottle  A  is  regulated  by  ad- 
justing the  rate  of  fiow  of  water  from  the  bottle  A  to  the  bottle  B  by 
means  of  a  glass  cock  provided  therefor.  This  method  of  regulating  the 
rate  of  flow  is  preferable  to  throttling  the  gas  by  means  of  the  inlet  cock 
to  the  bottle  A  because,  if  the  gas  is  throttled  on  entering  A,  the  sample 
collected  in  A  will  contain  less  carbonic  acid  gas  than  it  should  to  repre- 
sent a  true  average  by  volume.  The  deflciency  in  carbonic  acid  gas,  if 
the  gas  is  throttled  on  entering  A,  is  caused  by  the  retardation  of  flow 
through  an  increase  of  density  which  exists  at  the  times  when  the  per- 
centage of  carbonic  acid  gas  is  the  greatest.  After  filling  A  the  inlet  cock 
is  closed  and  the  bottle  B  raised  and  placed  on  a  shelf  some  height  above  A. 
The  gas,  which  is  then  under  pressure,  is  then  led  through  a  rubber  tube 
to  the  Elliott  apparatus. 

The  bottle  B  is  lowered  about  five  feet  below  the  bottle  A  in  order  to 
cause  the  amount  of  suction,  and  consequently  the  rate  of  flow  of  water 
from  the  bottle  A,  to  vary  only  between  small  limits.  If  desired,  the 
bottle  B  can  be  lowered  as  the  bottle  A  is  being  fllled  with  gas,  in  order 
to  obtain  a  more  uniform  flow  of  water  from  A  than  would  exist  with  the 
bottle  B  stationary. 
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The  flow  from  A  to  B  varies  as  the  square  root  of  the  head ;  hence  a 
slight  difference  in  the  head  of  water  will  not  cause  a  great  variation  in 
the  rate  of  flow. 

To  allow  for  the  absorption  of  gas  in  the  collecting  bottles,  we  draw 
the  bottle  A  about  one-half  full  of  gas  a  number  of  times  before  starting 
the  tests  and  shake  the  water  it  contains  thoroughly,  so  as  to  cause  it  to 
become  saturated  with  the  gas. 

Experiments  have  been  made  by  adding  salt  to  the  water  to  decrease 
the  absorptive  power,  and  it  is  proposed  to  try  other  liquids  than  water. 
The  results  of  all  these  experiments  will  be  given  in  full  in  the  paper. 


Strength  of  aluminium  zinc  and  aluminium  tin  copper  allots.  By 
Prof.  R.  C.  Carpenter,  Cornell  University.  Ithaca,  N.  Y. 

[CommuniccUed  by  the  Secretary. 1 

The  paper  describes  the  method  of  making  the  above  alloys  with  differ- 
ent proportions  of  the  various  component  parts,  and  also  gives  the  strengths 
of  various  alloys;  these  are  shown  by  tables  and  also  by  a  curve.  The 
aluminium  zinc  alloy  has  a  maximum  strength  when  it  contains  88  per 
cent  zinc  and  67  per  cent  aluminium.  Its  Rtrength  is  about  1^  that  of  pure 
aluminium  and  ten  times  that  of  zinc.  This  alloy  Is  an  exceedingly  use- 
ful one  and  it  can  be  used  as  a  substitute  for  brass  in  nearly  all  kinds  of 
construction.  It  melts  at  about  1000  Fahrenheit,  it  casts  easily  and  readily 
and  has  a  speciflc  gravity  slightly  over  three.  On  account  of  its  low 
specific  gravity  it  is  much  cheaper  than  brass,  and  on  account  of  its  ex- 
cellent working  qualities  it  will  be  found  a  very  valuable  alloy  for  many 
purposes.  This  alloy  has  been  used  extensively  in  the  construction  of 
models  in  the  Department  of  Marine  Engineering  at  Sibley  College. 

The  aluminium,  tin  and  copper  alloys  show  even  a  greater  variation  in 
strength  than  the  aluminium  zinc  alloy.  In  this  case  the  alloy  of  maxi- 
mum strength  has  a  tensile  strength  of  68,000  pounds  per  square  inch,  while 
its  constituents  have  strengths  respectively  25,800, 15,000  and  5,000  pounds 
per  square  inch.  The  composition  of  the  alloy  of  maximum  strength  Is 
Slh  per  cent  copper,  61  per  cent  aluminium,  and  6^  per  cent  tin. 

Another  useful  alloy  which  was  composed  of  80  per  cent  aluminium,  10 
per  cent  tin,  10  per  cent  copper,  has  a  tensile  strength  of  21,140  pounds, 
or  about  the  same  as  that  of  cast  iron  and  a  speciflc  gravity  of  three. 

Both  of  the  above  alloys  are  readily  made,  easily  worked  and  should 
doubtless  prove  of  considerable  value  in  the  arts,  but  all  other  combina- 
tion of  aluminium,  tin  and  copper  are  Inferior. 


Invkstioation  of  the  strength  of  wrought  iron  at  low  tempera- 
tures.   By  Prof.  R.  C.  Carpenter,  Cornell  University,  Ithaca,  N.  Y. 

ICommunicated  by  the  Secretary.'] 

The  investigation  described  in  the  paper  was  undertaken  for  the  pur- 
pose of  determining  the  strength  and  other  properties  of  wrought  iron 
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at  low  temperatnrefl.  It  describes  the  method  in  detail  of  making  the 
test  and  also  the  results.  The  tests  were  made  on  an  Emery  Testing 
Machine  of  200,000  pounds  capacity,  and  were  conducted  through  a  range 
of  temperature  from  70  degrees  above  zero  to  70  degrees  below.  The 
general  results  of  the  test  show  a  total  Increase  In  strength  with  decrease 
In  temperature  amounting  to  20  per  cent  of  tlie  strength  at  70  degrees. 

Results  or  previous  tests  made  at  Sibley  College,  with  wrought  Iron  at 
a  high  temperature,  are  also  given  for  tbe  sake  of  comparison.  These  re- 
sults show  an  Increase  in  strength  up  to  a  temperature  of  about  530  de- 
grees F.,  after  which  a  rapid  diminution  of  strength  occurs. 

The  Investigation  serves  to  show  that  the  effect  of  decreasing  temper- 
ature Is  to  increase  the  strength  and  to  raise  the  elastic  limit  without 
sensibly  affecting  the  modulus  of  eUstlclty,  or  the  elongation.  The  Inves- 
tigation also  tends  to  show  that  a  low  temperature  does  not  tend  to  in- 
crease the  brlttleness  of  wrought  Iron. 


DbVBLOPMBNT  of  ENOINERBINO  INDUSTIUES  BY  SCIENTIFIC  RBSBARCH.      Bt 

Prof.  Wm.  S.  Aldkich,  West  Virginia  University,  Morgantown,  W. 
Va. 

Industries  dependent  upon  an  application  of  engineering  science  can 
hope  to  maintain  their  present  high  standard  of  excellence  or  further  ad- 
vance their  Interests  only  by  the  application  of  scientific  methods  in  the 
development  of  engineering  research  along  their  respective  lines.  The 
research  laboratory  is  as  Indispensable  as  the  testing  laboratory  to  the 
modern  well- equipped  engineering  establishment ;  their  functions  are  quite 
separate  and  distinct.  In  the  development  of  new  engineering  Industries 
the  research  Is  even  more  important  than  the  testing  laboratory. 

Earlier  engineering  researches  were  largely  carried  on  by  individual 
scientists  and  engineers,  by  research  committees  of  engineering  societies, 
by  consulting  engineers,  testing  bureaus  and  inspection  companies,  by 
government  experimental  boards,  by  manufacturing  establishments  and 
corporations ;  and  of  recent  date  tlie  engineering  educational  Institutions 
have  entered  the  field  and  specifically  endowed  Institutions  have  been  or- 
ganized abroad  for  the  prosecution  of  scientific  and  technical  research. 
Organized  efforts  with  trained  staff  and  fully-equipped  laboratories  are 
quite  as  essential  In  research  work  as  In  manufacturing.  Research  must 
be  made  a  business,  not  a  passing  pleasure. 

[This  paper  will  be  printed  in  Journal  of  Franklin  Institute.] 


A   NEW  APPARATUS    FOR    TESTING    INDICATOR    SPRINGS.      By  Prof.    M.     E. 

CooLEY,  University  of  Michigan,  Ann  Arbor,  Mich. 

Any  type  of  steam  indicator  Is  attached  to  a  small  vessel  through  which 
steam  or  other  fluid  at  any  temperature  Is  passed,  the  pressure  being  reg- 
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alated  by  suitable  valves.  In  the  bottom  of  this  vessel  a  plunger  Is  fitted 
which  transmits  the  pressure  in  the  vessel  to  a  platform  scale.  The 
plunger  has  connected  with  it  a  heavy  wheel  and  is  fitted  with  ball  bear- 
ings so  as  to  rotate  without  sensible  n-iction.  During  the  test  this  plunger 
is  caused  to  rotate  either  by  spinning  the  heavy  wheel  or  by  means  of  a 
cord  drive.  This  rotation  does  away  with  the  friction  and  euables  the 
pressure  in  the  cylinder  to  be  weighed  with  much  accuracy.  The  appara- 
tus is  adapted  to  test  springs  In  tension  as  well  as  in  compression.  For 
the  tension  tests  the  vessel  is  connected  with  a  condenser.  By  alternately 
opening  and  closing  the  valves,  the  indicator  is  placed  under  the  condi- 
tions existing  on  a  low  pressure  cylinder.  The  plunger,  together  with  Its 
heavy  wheel,  is  iltted  to  the  extent  of  the  vacuum  and  the  reduced  weight 
weighed  ou  the  scale  the  same  as  before.  The  apparatus  has  been  used 
in  the  Mechanical  Laboratory  at  the  University  of  Michigan  during  the  past 
year  with  very  satisfactory  results. 


A   NEW    FOIIMULA  FOR  LKATHBR  BKLTING.      By  Prof .   J.   J.  FLATHEK,  Pur- 

due  University,  Lafayette,  Ind. 

In  this  paper  a  formula  is  presented  for  obtaining  the  width  of  leather 
belting  when  the  average  conditions  under  which  it  is  to  work  are  known. 

HP 

The  ordinary  formula  6  =  c  X  -p-,  in  which  C  has  values  varying  from 

500  to  1100  for  single  belting,  is  not  generally  applicable  to  varying  con- 
ditions and  the  author  presents  a  formula  which  allows  the  width  of  belt 
to  vary  with  a  number  of  factors,  all  of  which  are  either  known  or  can  be 
readily  determined  from  the  given  conditions. 

The  loss  due  to  centrifugal  effect  at  high  speeds  and  the  influence  of  the 
arc  of  contact  are  recognized  in  many  accepted  rules  for  belting,  and  in 
addition  to  these  the  author  takes  into  account  the  diameter  of  pulley  when 
the  latter  is  small,  and  also  the  character  of  joint  whether  laced  or  cement- 
ed splice. 

The  formula  presented  is 

h  =  CC  C'ifc  ^, 

o  V  ' 

in  which  the  values  of  CC  C"  and  k^  are  given  in  tables  which  accompany 
the  paper.  ^ 

In  determining  the  value  of  C  for  single  belting,  the  thickness  was  as- 
sumed at  0.20  inch;  its  heaviness  0.41  pound  per  square  inch  section,  one 
foot  long;  the  allowable  working  stress  350  lbs.  for  cemented  joints  (per 
square  inch)  and  three-fourths  of  this,  or  265  pounds,  for  laced  joints. 

iSee  al»o  Western  Electrician,  June  12, 1887,  for  mathematical  investigation  of  the 
formola. 
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The  co^fncient  of  nictlon  was  taken  equal  to  0.27  for  small  slip  and  or- 
dinary good  belting. 

In  this  determination  the  pulleys  were  assumed  of  approximately  the 
same  diameter,  which  was  not  less  than  fifty  times  the  thickness  of  belt. 
C,  under  these  condiilons,  was  found  to  equal  800  for  cemented  and  1O50 
for  laced  Joints. 

C  varies  from  1.4  for  double  belts  running  over  an  8"  pulley  to  1.10  for 
same,  when  used  with  a  20''  pulley.  C"  varies  from  1.83  with  least  arc  of 
contact  of  only  120°,  to  0.75  for  similar  arc  of  240°.  k^  is  not  to  be  con- 
sidered for  speeds  less  than  2000  feet  per  minute.  For  2600  feet  *q=1.06 
for  cemented  joint,  and  for  a  speed  of  6000  feet  Aro=sl.84. 
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THE  PITTSBUBG  COAL  BED. 


Among  all  the  rich  mineral  deposits  of  the  great  Appalachian 
field,  the  Httsbarg  coal  bed  stands  preeminent.  Other  coal  beds 
may  cover  a  wider  area,  or  extend  with  greater  persistence,  but 
none  surpass  the  Pittsburg  seam  in  economic  importance  and  value. 
It  was  well  named  by  Rogers  (H.  D  )  and  his  able  assistants  of 
the  1st  Geological  Survey  of  Pennsylvania,  in  honor  of  the  city  to 
whose  industrial  growth  and  suprema<;y  it  has  contributed  so  much. 
Whether  or  not  the  prophetic  eye  of  that  able  geologist  ever  com- 
prehended fully  the  part  which  this  coal  bed  was  to  play  in  the  fu- 
ture history  of  the  city  which  gave  it  a  name  we  do  not  know ;  but 
certain  it  is  that  the  seven  feet  of  fossil  fuel  which  in  Rogers'  time 
circled  in  a  long  black  band  around  the  hills  and,  overlooking  the 
site  of  Pittsburg  from  an  elevation  of  four  hundred  feet  above  the 
waters  of  the  Allegheny  and  Monongahela,  extended  up  the  latter 
stream  in  an  unbroken  sheet  for  a  distance  of  two  hundred  miles, 
has  been  the  most  potent  factor  in  that  wonderful  modem  growth 
which  has  made  the  Pittsburg  district  the  manufacturing  centre  of 
America,  and  which  bids  fair  to  continue  until  it  shall  surpass  every 
other  district  in  the  world,  even  if  it  does  not  now  hold  such  pri- 
macy. 

That  this  claim  for  Pittsburg's  supremacy  is  valid  can  hardly  be 
doubted  when  we  see  its  iron,  steel,  glass  and  other  products  going 
to  every  part  of  the  Western  continent  and  even  invading  the  long 
established  dynasties  of  the  Old  World.     A  brief  account  of  the 

(187) 
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main  characteristics  of  such  an  important  member  of  the  Carbon- 
iferous series  can  hardly  fail  to  be  of  some  interest  to  geologists 
and  others  who  desire  to  learn  more  of  this  celebrated  coal  bed 
and  hence  it  has  been  chosen  as  my  theme. 

AGE. 

The  stratigraphical  position  of  the  Pittsburg  coal  bed  is  at  the 
base  of  the  Monongahela  riyer  series  of  Rogers.  The  thickness  of 
this  series  varies  from  two  hundred  and  fifty  to  four  hundred  feet 
in  different  portions  of  the  Appalachian  field.  It  also  includes 
four  other  coal  beds  interstratified  with  sandstones,  limestones  nnd 
shales ;  but  none  of  these  coals  have  much  economic  importance 
since  all  are  thin  and  impure  except  over  quite  limited  areas,  so 
that  the  Pittsburg  bed  may  be  regarded  as  the  last  of  the  great  coal- 
making  epochs  of  Carboniferous  time. 

The  lower  and  middle  Carboniferous  had  passed ;  the  animals 
and  most  of  the  plants  that  characterize  them  had  vanished  ;  the 
great  Lepidodendra^  /Sigillarioe  and  Ccdamites  of  the  former  floras 
had  been  succeeded  by  dwarfed  and  puny  species  of  their  tribe, 
while  the  tree  ferns  alone  of  all  the  larger  plants  appear  to  have 
flourished  and  attained  considerable  size.  The  evening  of  the  Car- 
boniferous day  was  well  advanced,  since  marine  conditions  in  the 
Appalachian  field  had  terminated  and  brackish  or  fresh  water  con- 
ditions had  arisen  which  continued  to  the  close  of  the  Permian.  At 
the  end  of  this  latter  epoch  fifteen  humired  feel  of  sediments  had 
accumulated  above  the  Pittsburg  coal  -f-  the  thickness  eroded  since 
the  close  of  the  PalaBozoic,  which  most  probably  represents  a  much 
greater  thickness  of  rocks  than  that  (1500')  remaining. 

Professor  Fontaine  and  myself  have  shown  (Report  PP,  2nd 
Geological  Survey  of  Pennsylvania)  that,  beginning  with  the  hori- 
zon of  the  Waynesburg  coal  at  say  about  350  feet  above  the  Pitts- 
burg bed,  the  rocks  contain  a  well  defined  Permian  flora,  of  types 
common  alike  to  the  Permian  of  Europe  and  lo  the  well  recognized 
Permian  beds  of  Texas  (Bulletin  G.  S.  A.,  Vol.  3,  pages  117,  118, 
1892).  Just  where  in  the  series  this  flora  was  introduced  we  do 
not  yet  know,  because  no  systematic  collections  of  fossil  plants  have 
been  made  between  the  Waynesburg  and  Pittsburg  coals,  and  in 
fact  none  until  we  pass  below  the  Pittsburg  seam  several  hundred 
feet,  and  reach  marine  conditions.  The  coal-making  epoch  of  the 
Appalachian  Carboniferous  really  culminated  and  its  decline  began 
with  the  deposition  of  the  Upper  Freeport  bed  at  the  summit  of  the 
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Allegheny  river  series  of  Rogers  (No.  XIII),  since  the  few  fossil 
plants  found  in  the  600  feet  of  the  Barren  or  Elk  river  strata, 
which  supervene  between  the  Upper  Freeport  and  ritt2>burg  coals, 
are  either  identical  with  or  closely  affiliated  to  Coal  Measure  types 
of  plants  that  survive  into  the  Permian  flora  of  Europe  and  Texas. 
This  is  also  mainly  true  of  the  last  marine  faiinal  types  occurring 
at  the  hoiizon  of  the  Crinoidal  limestone,  about  800  feet  below  the 
Pittsburg  bed,  and  therefore  in  Bulletin  65,  U.  S.  G.  Sur\'ey,  page 
19,  the  dividing  line  between  the  Upper  and  Middle  Carboniferous 
was  drawn  through  the  midst  of  the  Barren  Measures  (No.  XIV), 
at  the  close  of  the  Crinoidal  limestone  stage  when  marine  life  be- 
came practically  extinct  in  the  Appalachian  sediments.  Hence 
the  600  to  700  feet  of  strata  extending  from  the  Crinoidal  lime- 
stone to  the  Waynesburg  coal,  and  enclosing  the  great  Pittsburg 
bed  near  the  centre,  may  be  considered  as  of  Fermo- Carboniferous 
Age,  or  so  far  as  there  is  any  evidence  to  the  contrary,  they  could 
just  as  well  be  classed  as  Permian. 

The  flora  of  this  portion  of  the  column  has  been  studied  to  only 
a  limited  extent ;  but,  so  far  as  known,  it  consists  as  already  stated, 
mainly  of  those  Coal  Measure  types  which  pass  on  up  into  the  un- 
doubted Permian,  while  the  fauna  comprises  only  fresh  or  brackish 
water  forms,  concerning  which  little  or  nothing  is  known,  as  the 
fossils  (mostly  minute)  have  never  been  studied.  The  rocks 
themselves  consist  of  a  monotonous  succession  of  red  shales,  gray 
sandstones,  and  limestones,  often  highly  magnesian  but  only 
slightly  gypsiferous,  and  presenting  much  the  same  lithologlcal 
appearance  from  the  Crinoidal  limestone  to  the  top  of  the  Per- 
mian, 1,500  feet  above  the  Pittsburg  coal. 

The  Neurapteris  morii  Lx.,  and  the  large  reptilian  tracks  found 
by  Lyell,  near  Greensburg,  Pennsylvania,  point  to  the  same  con- 
clusion with  reference  to  tbe  age  of  the  Pittsburg  bed,  namely, 
that  it  belongs  to  the  closing  stage  of  the  Carboniferous  period, 
rather  than  to  the  middle  of  the  same. 

AREA. 

Before  the  drill  of  the  petroleum  seeker  had  penetrated  every 
region  of  the  great  Appalachian  basin,  it  was  supposed  that  the 
Pittsburg  coal  spread  in  a  continuous  sheet  under  every  portion  of 
that  area  where  its  outcrop  was  buried  from  view.  This  conclu- 
sion was  based  upon  the  unfailing  continuity  of  the  bed  southward 
for  200  miles  from  Pittsburg  to  the  headwaters  of  the  Mononga- 
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hela,  and  also  westward  into  Ohio,  and  its  reappearance  on  the 
river  of  that  name  at  Pomeroy,  aB  also  on  the  Great  Kanawha  at 
Raymond  City,  Pocatallico  and  Charleston  But  the  studies  of 
Professor  Orton  and  others  in  Ohio,  and  my  own  in  West  Virginia, 
aided  by  the  petroleum  drilling  there,  have  shown  that  the  coal  is 
absent  or  but  poorly  developed  over  large  areiis  where  it  had  form- 
erly been  considered  present.  Hence  to  the  list  of  counties  of 
West  Virginia  named  in  Bulletin  65,  U.  S.  G.  Survey,  page  64, 
where  this  coal  is  absent  or  in  poor  development,  must  now  be 
added  Doddridge,  Tyler,  and  probably  half  of  Wetzel,  since  two 
tests  with  the  diamond  drill,  near  the  centre  of  the  latter  county, 
found  only  two  feet  of  coal  at  a  depth  of  425  feet  below  the  valley 
of  Fishing  Creek.  This  area,  together  with  that  previously  known 
to  be  barren  or  to  have  only  a  patchy  development  in  West  Vir- 
ginia and  Ohio,  will  aggregate  between  4,000  and  5,000  square 
miles,  a  rather  startling  figure  when  subtracted  from  the  supposed 
area  of  a  coal  bed  so  valuable  as  the  Pittsburg  in  its  developed 
regions. 

There  has  been  much  speculation  as  to  the  area  which  this  coal 
may  once  have  covered.  The  isolated  patches  of  the  bed  in  the 
Georges  Creek  and  North  Potomac  regions,  the  few  knobs  of  it  in 
Preston,  Barbour  and  Upshur  counties  of  West  Virginia,  together 
with  its  presence  in  the  solitary  peak  of  Round  Top  in  Bedford 
county,  Pennsylvania,  forty  five  miles  from  any  other  outcrop  of 
the  bed,  and  far  east  of  the  Alleghany  mountains,  have  led  many 
geologists  to  believe  that  the  Appalachian  Coal  Measures  may  once 
have  extended  northwestward  to  the  Lake  region  and  eastward 
possibly  to  the  Noith  Mountains  or  even  to  the  Blue  Ridge,  having 
been  removed  from  all  this  wide  expanse  by  the  enormous  erosion 
to  which  it  has  been  subjected  since  Carboniferous  time.  Whether 
the  limits  thus  assigned  were  ever  attained  by  the  spread  of  the 
Coal  Meatiures  we  shall  probably  never  know  to  a  certainty,  but 
that  there  is  no  inherent  improbability  in  the  hypothesis  will  ap- 
pear from  the  fnct  that  the  oldest  member  of  the  Carboniferous 
period,  the  very  hard  and  erosion  resisting  sandstones  of  the  Po- 
cono,  with  its  included  coal-beds  extends  to  the  North  Mountain 
region  at  several  points  along  that  great  ridge.  Of  course  if  the 
Coal  Measures  ever  covered  an  area  as  wide  as  this  lowest  member 
of  the  Carboniferous,  the  probabilities  are  that  the  area  of  the 
Pittsburg  bed  which  has  escaped  erosion  is  only  a  fragment  of  its 
former  extent.     But  however  this  may  be,  its  entire  area  of  work- 
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able  coal  remaining  in  the  states  of  Pennsylvania,  Ohio,  West 
Virginia  and  Maryland,  does  not  probably  exceed  6,000  or  7,000 
square  miles. 

STRUCTURE. 

Dr.  J.  J.  Stevenson,  of  the  University  of  New  York,  was  the 
first  geologist  to  make  a  detailed  study  of  the  Pittsburg  coal  bed 
and  to  describe  the  peculiar  structure  which  so  distinctly  character- 
izes it  that  the  coal  seam  may  thereby  be  identified  with  great  cer- 
tainty over  a  wide  area.  In  Report  E,  2nd  Geological  Survey  of 
Pennsylvania,  he  shows  that  a  series  of  thin  parting  slates  and 
clays  subdivide  the  bed  into  several  definite  members  which  may 
be  grouped  as  follows : 

"  Roof  "  coals. 
"Over  "-day. 
''Breast  "coal. 

Parting. 
"  Bearing-in  "  coal. 

Parting. 
''  Brick  "  coal. 

Parting. 
"Bottom"  coal. 

The  "  Roof"  coals  are  a  number  of  thin  layers  of  coal  (2  to  12 
inches  each)  separated  by  shales  or  clays  of  varying  thickness. 
Some  of  the  layers  are  good  coal,  while  others  contain  much  dirt 
and  other  impurities.  Their  number  ranges  from  1  to  8,  or  even 
more,  and  their  combined  thickness  seldom  exceeds  3|  to  4  feet, 
while  the  separating  slates  and  clays  may  be  only  half  as  much,  or 
they  may  often  exceed  the  coal  in  thickness  by  two  or  three  times. 
In  practical  mining  operations  all  of  this  ''Roof"  coal  is  wasted, 
because  the  coal  layers  make  a  good  support  for  the  overlying 
strata  and  are  therefore  left  as  the  roof  of  the  mine.  In  this  way 
about  2,000  tons  per  acre  of  the  Pittsburg  coal  are  always  lost  with- 
out any  attempt  to  recover  it.  This  waste  is  so  large  that  some  of 
the  Mining  Companies  are  considering  the  question  of  putting  in 
crushing  and  washing  machinery  with  a  view  to  taking  (iowii  these 
roof  coals  and  thus  preventing  the  great  loss  of  fuel  which  theii 
abandonment  entails  upon  any  mine.  There  is  no  doubt  that  the 
time  will  come  many  generations  hence  when,  at  great  cost,  the 
Pittsburg  bed  will  be  re-mined  to  secure  the  coal  which  is  now 
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rejected  both  in  its  roof  and  bottom  members,  since  all  of  it  woald 
be  valuable  fael  if  freed  from  the  included  slates  and  clays. 

The  *'  Over"-clay  is  an  impure  fire  clay,  and  varies  much  in 
thickness,  sometimes  almost  disappearing  and  again  thickening  up 
to  2  or  even  5  feet.  The  clay  is  usually  mottled  and  much  slicken- 
sided,  so  that  it  becomes  a  dangerous  trap  when  left  as  a  mine  sup- 
port, since  large  pieces  of  it  will  drop  from  the  roof  without  any 
warning  sound.  Hence  it  is  generally  taken  down  at  once  and  the 
miner  has  therefore  given  it  the  name  of  "  Draw-slate  "  in  many 
regions.  It  often  contains  what  appear  to  be  stems  and  rootlets 
of  plants. 

The  next  succeeding  (downward)  division  of  this  seam,  the 
'*  Breast"  coal  of  the  miners,  also  often  termed  the  "  Main  Bench," 
is  the  most  important  and  valuable  division  of  the  whole  bed.  Its 
thickness  gradually  increases  from  the  Pittsburg  region  (where  it 
is  usually  about  3  feet)  up  the  Monongahela,  attaining  a  maximum 
of  6  feet  at  Brownsville,  while  to  the  eastward  in  the  Georges  Creek 
and  North  Potomac  basin  of  Maryland  and  West  Virginia,  it  in- 
creases still  more  to  7^  or  even  10  feet.  The  top  of  this  member 
is  nearly  always  of  a  bony  nature  for  a  thickness  of  1  to  4  inches, 
and  frequently  this  must  be  separated  and  rejected  in  mining,  but 
even  where  this  is  not  required,  the  top  of  the  *•  Breast"  coal  is 
distinctly  harder  than  the  rest  of  it  and  inclined  to  a  cannelly  struct- 
ure. Westward  to  the  Ohio  river  this  ^'  Breast "  division  thins  and 
in  theGlendale  and  Moundsville  shafts  is  only  21  inches,  according 
to  Mr.  J.  W.  Paul,  State  Mining  Inspector  of  West  Virginia.  It 
is  still  perfectly  distinct,  however,  with  the  twin  slates,  ^  inch  thick 
each,  and  enclosing  6  inches  of  ^*  Bearing-in  "  coal  immediately  be- 
low. 

The  '^  Bearing'in"  coal  is  so  named  by  the  Monongahela  river 
miner  because,  in  mining  operations,  the  under-cutting  of  the 
'^  Breast"  coal  is  made  in  this  layer,  the  latter  being  then  wedged 
or  blown  down  and  the  ^*  Brick  "  division  subsequently  taken  up. 
The  ^*  Bearing-in  "  coal  is  usually  brilliant  and  pure,  varying  in 
thickness  from  3  to  6  inches,  and  enclosed  by  two  thin  parting 
slates,  so  much  alike  in  color  and  structure  as  to  be  almost  indis- 
tinguishable. Their  color  is  usually  a  dark,  mottled  gray,  and  they 
vary  in  thickness  from  |  to  I  inch.  The  persistency  of  these  twin 
slates  over  all  the  legions  drained  by  the  Monongahela  and  east  to 
the  Georges  Creek  and  North  Potomac  field,  while  westward  to 
Wheeling,  Bellaire  and  the  neighboring  regions  of  Ohio,  they  still 
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appear  to  be  present,  is  one  of  the  remarkable  features  of  this  coal 
bed.  When,  however,  the  areas  of  this  coal  south  of  the  little 
Kanawha  river  in  West  Virginia,  and  west  from  the  Muskingum  in 
Ohio,  are  examined,  these  twin  slates  are  not  found ;  or,  if  repre- 
sented, are  iio  longer  recognizable  as  the  Monongahela  partings,  but 
the  ''  Roof"  coals  and  "  Over  "-clay  appear  to  be  present. 

The  "  Brick  "  coal  layer  comes  next  under  the  lower  of  the  twin 
slates  and  was  so  named  by  the  Monongahela  river  miners  because 
it  comes  out  in  oblong,  rectangular  blocks  resembling  the  shape  of 
common  bricks.  It  is  usually'  about  1  foot  thick.  The  parting 
which  separates  the  ^^  Brick  "  coal  from  tlie  next  lower  member  is 
always  present  along  the  Monongahela  from  Brownsville  to  Pitts- 
bui^  and  it  is  also  represented  in  the  Georges  Creek  and  North 
Potomac  field,  but  in .  the  Fairmont  region  it  is  only  occasionally 
present,  the  bed  there  being  generally  undivided  below  the  ''  Bear- 
ing-in  "  coal. 

The  '^Bottom  "  member  is  from  12  to  20  inches  thick  along  the 
Monongahela  and  contains  so  many  thin,  slaty,  sulphurous  lami- 
nae, that  it  is  usually  not  taken  out  in  mining,  and  thus  another 
thousand  tons  per  acre  of  this  bed  are  wasted,  though  in  the  Fair- 
mont and  Cumberland  (Georges  Creek)  regions  it  is  mined  and  sold 
with  the  rest  of  the  coal.  The  12  to  15  inches  of  good  fuel  in 
this  member  could  always  be  recovered  by  crashing  and  washing. 

The  structure  here  described  can  be  best  illustrated  by  giving  an 
actual  section  of  the  coal  at  its  type  locality.  In  the  Ormsby  mine 
at  2ist  Street,  Pittsburg,  where  mining  operations  have  been  car- 
ried on  for  more  than  sixty  years,  Mr.  J.  Sutton  Wall  took  the  fol- 
lowing measurements  (K  4,  2nd  Geological  Sui-vey  Pa.,  page  177)  : 


r  Coal 
aay 
Coal 
Parting 
Coal 
Clay 
Coal 
Roof"  -j  Parting 

Coal 
Clay 
Coal 
Parting 
Coal 
Parting 
Coal 
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"Over  "-clay  9 

»*  Breast" Coal 33 

Parttng  Oi 

"  Bearing- In  "  Coal  .......          4 

Parting  OJ  )►  70|' 

"Brick  "coal  10 

Parting  01 

»*  Bottom"  coal U    ^ 

Total  thickness        ...  10'  6|" 


Substantially  this  structure  may  be  seen  at  every  mine  between 
Pittsburg  and  Brownsville  and  on  beyond  for  many  miles  (see 
Reports  K  and  K4,  2nd  Geological  Survey,  Pa.). 

East  of  the  Monongahela,  on  the  Youghiougheny  river,  the  same 
structure  is  well  illustrated  by  two  sections  which  Mr.  W.  S. 
Gresley,  F.  G.  S.  A.,  measured  for  me  with  great  care  at  the  W.  L. 
Scott  estate  mines  oi'  which  Mr.  Gresley  is  superintendent  at 
Scott  Haven,  Pennsylvania.  The  first  one  of  these  is  near  Scott 
Haven  and  reads  as  follows : 


Roof 


Inches 
f  Coal,  several  Alms  of  dirt  .        3l 

Shale,  black   earthy         ...        2 

Coal 2| 

Shale,  gi-ay,  streaks  of  coal  near  top    11 
Bone  (hard,  dull,  impare,  coaly  layer)     1 

Coal 2^ 

Shale,  black 0} 

Coal l| 

Shale,  black,  coaly  .        .        .        .        l 

Coal -3 

Slat  e  gray,  with  irregular  coal  streaks  44 
Coal,  compact,  free  from  ** binders"  9J 
Slate,  with  coal  streaks  ...  14 
Coal 2i 


46i" 


*  Over  "-clay  (impure,  fireclay,  light  gray  above,  get- 
ting browner  and  then  a  much  darker 
gray  with  coal  streaks  of  irregular 
shapes,  especially  towards  base) 


104' 
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'  Breast "  coal  (with  U  inches  of  bone  at  top,  and  next 


10"  harder  than  rest  of  bench) 
Shale,  dark  grayish  brown,  mottled 
**  Bearing-in  '*  coal,  clear  and  brilliant 

Shale,  dark,  grayish  brown,  mottled, 
**  Brick  "  coal,  clear  and  brilliant 

Shale,  parting 

i  coal  with  a  few  thin  dirt  layers 

j  shale 

*' Bottom**  coal '  coal,  bright,  clean 

Total  thickness  of  bed 


4U 

01 

4 

Ok 
11 

0* 
121 

Ol 


721" 


10' 91 


The  other  section  made  by  Mr.  Gresley  is  from  the  "  Pacific 
Mine,"  near  Scott  Haven  and  three  miles  distant  from  the  section 
just  given.     It  is  as  follows : 


'  Roof  •* 


f  Coal 

Shale,  Ught     .... 
Coal,  with  a  few  dirt  partings 

Shale 

Coal 

Fireclay,  Ught,  bastard  . 
Coal,  with  a  few  dirt  partings 

Shale 

Coal,  with  thin  dirt  lenses 

Shale 

Coal 


Inches. 
U 
H 

5 

04 

2 

Hi 
9 

H 

12 
Oi 
II 


**  Over  "-clay  (fireclay,  light,  inferior,  mnch  darker  to- 
ward base  with  meandering  streaks 
and  veins  of  brilliant  coal) 

" Breast'*  coal,  upper  10  inches  harder  than  the  rest  42 

Shale,  mottled 0^ 

'*  Bearing-in '*  coal  3| 

Shale,  mottled Oi 

"Brick  "coal  11 

Shale ,  parting Oi 

**  Bottom"  coal H 

Total  thickness  of  bed 


60" 


104" 


711" 


114" 


A  third  section  measared  by  Mr.  Gresley  three  miles  distant  from 
either  of  these  differs  so  little  from  them  that  it  is  useless  to 
give  it. 
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How  perfectly  this  great  coal  bed  presei'ves  the  Pittsburg  type  of 
structure,  is  shown  from  the  following  section  sent  me  by  Mr.  R. 
L.  Somerville,  superintendent  of  the  Georges  Creek  Coal  &  Iron 
Co.,  Lonaconing,  Maryland.  The  locality  is  east  of  the  Alleghany 
Mountains,  and  150  miles  from  Pittsburg.     It  is  as  follows : 

Inches. 

**Roof"  coal  with  slate  parting  below    ...  20 

''  Breast "  coal  6"  of  bone  on  top    .  91 

Slate 1 

*' Bearing  In"  coal 4i 

Slate 0| 

"Brick "coal IG 

Slate               Oi 

"Bottom  "coal 16 

Total  thickness  of  bed  .  12'  ii" 

This  type  of  structure  is  practically  universal  over  all  of  the 
Pennsylvania,  Maryland  and  Eastern  Ohio  area  of  the  bed.  The 
different  members  vary  considerably  in  thickness,  as,  for  instance, 
the  gradual  increase  of  the  '^  Breast ''  coal  from  3  feet  at  Pittsburg 
to  6  at  Brownsville,  fifty-eight  miles  up  the  Monongahela  river, 
or  to  7  and  even  10  feet  in  the  Georges  Creek  and  North  Potomac 
regions  of  Maryland  and  West  Virginia,  or  a  decrease  may  take 
place  in  the  same  to  30  and  sometimes  to  20  inches  as  in  the 
Wheeling  and  Bellaire  regions ;  but  each  of  the  main  subdivisions 
can  be  distinctly  recognized  so  that,  whether  at  Fairfax  Knob,  on 
the  summit  of  the  Alleghany  Mountains  3200  feet  above  the  sea, 
or  deep  down  in  the  centre  of  the  great  Appalachian  trough  buried 
under  fifteen  hundred  feet  of  sediments,  the  explorer  can  readily 
identify  this  great  coal  bed,  not  only  from  its  associated  rocks 
but  from  its  stratigraphical  elements  as  well,  and  often  from  even 
the  fracture  of  the  coal.  I  once  had  a  practical  illustration  of 
this  latter  peculiarity  of  the  Pittsburg  seam.  About  the  year  1880 
a  coal  bed  was  discovered  near  the  summits  of  the  hills,  south 
from  Huntington,  West  Virginia,  and  on  one  of  my  excursions  to 
the  southern  portion  of  the  State  with  the  University  students  of 
Geology,  the  mayor  of  Huntington  requested  me  to  determine,  if 
possible,  to  what  horizon  the  coal  belonged.  It  proved  an  easy 
problem  to  identify  it  since  the  Crinoidal  limestone  .with  its  char- 
acteristic fossils  was  easily  found  in  the  bed  of  Four  Pole  Creek, 
fifty  feet  above  the  Ohio,  and  above  it  the  ordinary  rock  succession 
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of  the  Barren  or  Kik  Hiver  series.  But  being  anxious  to  know 
what  the  miner,  who  was  digging  the  coal,  thought  of  the  matter  he 
was  interrogated  and  replied  as  follows :  '*  1  don't  know  anything 
about  geology,  but  I  dug  coal  several-years  in  the  Pittsburg  seam 
along  the  Monongahela  and  this  coal  reminds  me  of  the  Pittsburg 
in  the  way  it  breaks  into  blocks/'  Thus  had  the  miner  correctly 
diagnosed  the  horizon  of  the  bed  by  his  own  peculiar  methods, 
though  three  hundred  miles  distant  from  where  he  had  learned  its 
structure,  with  only  the  tools  of  his  trade  and  his  bright  observing 
mind  as  his  guidance,  strong  testimony  ceri ainly  to  the  persistence 
of  even  the  internal  structure  of  the  bed. 

The  oil-well  driller  is  required  to  identify  this  coal  correctly  in 
the  great  petroleum  districts  of  West  Virginia  and  Pennsylvania, 
between  the  Ohio  and  the  Monongahela  rivers,  where  it  is  buried 
from  sight  by  the  Permian  beds  all  the  way  from  500  to  1 ,500  feet. 
It  is  there  a  key-rock  for  determining  the  amount  of  casing  and 
the  depth  to  the  oil  sands,  and  thus  many  dollars  of  expense  de- 
pend upon  the  correctness  of  the  driller's  identification.  This  he 
does  by  observing  the  character  of  the  drillings  as  brought  to  the 
surface  by  the  sand  pump  ;  or,  in  other  words,  he  observes  the  sti-at- 
igraphical  succession  in  his  own  peculiar  way,  and  in  the  hundreds 
and  even  thousands  of  holes  drilled  in  this  area,  he  has  only  two 
or  three  mistakes  charged  against  his  accuracy  of  discrimination. 

A  word  of  friendly  criticism  and  kindly  warning  concerning  the 
methods  of  the  U.  S.  Geological  Survey,  especially  in  its  Coal  Meas- 
ures work,  but  equally  applicable  to  the  other  formations,  becomes 
in  this  connection  an  imperative  duty. 

In  recent  years  a  theory  seems  to  have  been  adopted  by  the  U.  S. 
Geologists  who  have  been  studying  the  Coal  Measures  that  no  coal 
bed  can  be  certainly  identified  beyond  the  area  of  its  continuous 
outcrop,  and  hence  must  be  given  a  local  name  for  every  isolated 
area,  thus  adding  greatly  to  the  burden  of  geological  nomenclature, 
a  fault  of  geologists  everywhere,  which  has  become  so  grievous  that 
the  International  Congress  has  been  invoked  this  summer  to  con- 
sider a  remedy  for  the  matter.  The  confusion  produced  by  this 
useless  giving  of  many  names  to  the  same  thing  is  an  evil  for  which 
a  remedy  must  be  speedily  found,  or  it  will  soon  bring  all  geologi- 
cal work  into  deserve(i  contempt  in  the  minds  of  laymen. 

The  United  States  Geological  Survey,  which  is  doing  such  splen- 
did work  along  many  lines,  ought  to  be  a  model  in  the  matter 
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referred  to,  but  is  now  the  chief  offender.  Let  us  hope  and  urge 
that  a  reform  in  the  methods  of  work  which  lead  to  such  undesir- 
able results  will  soon  be  inaugurated. 

The  old  and  well  established  names  of  the  New  York,  Pennsyl- 
vania and  Virginia  Surveys,  rendered  classic  by  the  labors  of  such 
men  as  Hall,  Emmons,  the  Rogers  Brothers,  Lesley  and  many  other 
faithful  geologists,  should  not  be  lightly  cast  aside  and  the  work  of 
these  noble  pioneers  ignored  unless  positive  error  can  be  proven. 

It  is  no  argument  in  favor  of  the  methods  complained  of  to  say 
that  the  geologist  is  not  reasonably  certain  of  identity  of  horizon, 
for  that  is  the  fault  of  the  observer  and  his  methods  in  not  wisely 
attacking  the  problems  of  stratigraphy.  It  will  hardly  do  to  admit 
that  the  untutored  miner  and  unlettered  petroleum  driller  are  bet- 
ter geologists  than  men  trained  as  experts  in  geology.  What  we 
need  more  than  anything  else  is  a  closer  and  more  minute  study  of 
the  ii^dividual  beds,  such  as  Mr.  Gresley,  for  instance,  has  been 
making  on  the  Pittsburg  coal,  and  if  this  method  of  work  were 
pursued  the  geologist  would  find  but  slight  need  of  the  introduction 
of  new  names  for  old  and  well-named  things.  It  was  with  the 
hope  of  emphasizing  the  necessity  and  importance  of  observing 
the  smaller  details  of  stratigraphy  more  closely,  that  I  have  dwelt 
at  length  upon  the  characteristic  structure  of  a  single  coal  bed. 
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Stylolitks.    By  T.  C.  Hopkins,  State  College,  Centre  Co.,  Pa. 

[Thig  paper  is  printed  in  the  American  Jouniaf  of  Science,  Ang.,  1897.] 


A   SUGGESTION  IN   REGARD    TO    THB    THKORY     i»F    VOLCANOES.      By   Prof. 

WiijjAM  North  Rick,  Middletown,  Conn. 

All  writers  since  Scrope  have  recognized  the  important  r6le  of  steam 
in  volcanic  eruptions;  but  Prestwich  is  doubtless  right  in  maintaining 
that  steam  cannot  be  considered  the  primary  cause.  Inhere  is  an  uninter- 
rnpted  series  of  gradations  between  explonive  ernptions,  like  that  of  Km- 
katoa,  and  outpourings  of  lava  with  little  or  no  explosive  action,  as  in 
the  northwestern  United  States.  There  must  be  a  common  cause  for  all 
types  of  eruption. 

Prestwich  conceives  eruption  to  he  due  to  squeezing  out  of  material 
of  subcrustal  liquid  layer  by  contraction  of  earth.  But  crust  contracts 
less  than  interior,  so  there  can  be  no  squeezing- out  of  contents. 

Distribution  of  volcanoes  affords  clue  to  cause.  The  following  general 
laws  of  distribution  of  volcanoes  have  been  noted  :  —  They  occur  in  moun- 
tain ranges,  and  (as  remarked  by  Suess)  In  ranges  of  the  CordiUeran  type 
(anticlinorla  of  Dana)  more  abundantly  than  in  ranges  of  the  Appalachian 
type  (synclinoria  of  Dana) ;  they  occur  near  the  ocean ;  they  occur  in  re- 
gions of  recent  strata;  they  occur  in  connection  with  fringing  reefs,  and 
not  In  connection  with  barrier  reefs (Darwii^;^  These  laws  suggest  a  more 
comprehensive  generalization  —  volcanoes  occur  in  localities  where  there 
has  been  recent  elevation.  See  map  m  Berghaus'  Physlkalischer  Atlas, 
showing  relation  of  volcanoes  to  seaward  migration  of  shore  lines. 

Interior  of  earth  Is  probably  solid,  but  at  no  great  depth  the  material  is 
potentially  liquid  (potentiell  magmatisch,  Reyer).  Local  elevation  of 
crnst  relieves  pressure,  and  allows  more  or  less  liquefaction  (melting 
point  being  lowered  by  relief  of  pressure).  Lava  expands  in  melting, 
and  ascends  through  all  Assures  that  may  be  opened.  If  fissures  are 
freely  opened,  there  may  be  non-explosive  eruptions.  Ascent  of  lava  may 
cause  aqueo-igneotts  fusion  of  sedimentary  rocks,  and  magma  may  become 
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more  highly  charged  with  steam.  Sudden  vaporization  of  water  in  snb- 
terranean  reservoirs  may  account  for  explosions  of  extreme  violence,  as 
In  Krakatoa. 

King  and  Reyer  have  considered  relief  of  pressure  as  cause  of  erup- 
tion, but  King  attributes  relief  of  pressure  to  erosion,  and  Reyer  to  for- 
mation of  fissures.  A  suggestion  that  crustal  uplift  Is  cause  of  eruption 
iB  given  by  Geikie;  but  I  have  believed  that  the  idea  deserves  somewhat 
more  explicit  formulation. 

An  objection  to  the  view  here  presented  seems  to  be  found  In  the  oc- 
currence of  contemporaneous  sheets  of  igneous  rock  interstratlfled  with 
thick  masses  of  sediment.  Thick  sediments  of  course  show  subsidence. 
Two  answers  may  be  made  to  this  objection :  (1)  The  liquid  rock  may 
come  from  regions  of  elevation  adjacent  to  the  subsiding  troughs  or  ba- 
sins. (2)  The  sheets  of  igneous  rock  may  mark  oscillations  in  the  move- 
ment, the  progressive  subsidence  being  interrupted  by  epochs  of  eleva- 
tion. 


Thk  orbs  and  minerals  of  Cripplb  Crkbk,  Col.    By  H.  P.  Parmelke, 
Charlevoix,  Mich. 


Obskrvations  on  thb  qbnus  Barrbttla.    By  R.  P.  Whitfibld,  Ameri- 
can Museum  of  Natural  History,  New  York  City. 

The  author  refers  to  the  original  discovery  of  the  fossils  and  descrip- 
tion of  the  genus  by  S.  P.  Woodward,  with  its  reference  to  the  Rudes- 
tide.  Then  points  out  several  peculiar  features  of  the  fossil  not  noticed 
in  the  original  description  and  points  out  their  strong  resemblance  to  cnp 
corals,  and  their  general  radiate  structure,  based  upon  a  large  collection 
of  specimens  obtained  from  Jamaica,  W.  I. 

[This  paper  will  be  printed  in  The  Bulletin  of  the  American  Mnsenm 
of  Natural  History,  Vol.  xx,  pp.  288-246,  plates,  xxvii-xxxvin.] 


Lake  Ciiicaoo  and  thb  Chicago  outlet.    By  Frank  Leverbtt,  U.  S. 
Geological  Survey,  Denmark,  Iowa. 

[This  paper  is  printed  in  Bulletin  No.  2  of  the  Geological  and  Natural 
History  Survey  of  the  Chicago  Academy  of  Sciences.] 
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RbCKNT  SARTH  MOVKMBMT  IK  THE  GREAT   LAKE  REGION.      Bj  G.   K.   GIL- 
BERT, U.  S.  Geological  Survey,  Washington,  D.  C. 

[This  paper  will  be  printed  in  the  18th  Annual  Report  of  the  U.  S.  Geo- 
logical Survey.] 


The  ix>wbb  abandoned  beaches  of  southeastern  Michigan.    By  F.  B. 
Taylor,  Fort  Wayne,  Ind. 

[This  paper  will  be  printed  in  the  American  Geologist  ] 


Some  features  of  the  recent  geology  around  Detroit.    By  F.  B. 
Taylor,  Fort  Wayne,  Ind. 

The  city  of  Detroit  is  built  largely  upon  one  of  the  terminal  moraines 
laid  down  by  the  retreating  ice-sheet.  But  this  moraine  lacks  the  ordinary 
character  of  moraines  laid  down  on  land  because  It  was  deposited  in  nearly 
200  feet  of  water.  For  while  the  ice- front  stood  at  Detroit  the  western 
half  of  the  basin  of  lake  Erie  was  filled  with  a  large  glacial  lake.  It  was 
the  presence  of  this  lake  that  caused  the  land  in  the  St.  Glair-Detroit  val- 
ley to  be  so  smooth  and  devoid  of  prominent  surface  features.  This 
smoothness  of  surface  extends  up  to  about  200  feet,  which  was  approxi- 
mately the  upper  limit  of  the  glacial  waters. 

The  old  shore  lines  and  beaches  of  these  glacial  lakes  are  well  developed 
near  Detroit,  but  they  have  not  been  investigated  by  the  author  south  of 
the  vicinity  of  Port  Huron. 

One  of  the  most  interesting  features  in  the  vicinity  of  Detroit  is  found 
In  the  drowned  condition  of  th«  lower  courses  of  all  the  tributaries  of  the 
Detroit  river.  Even  the  smallest  streams  whose  whole  length  is  not  over 
two  miles  have  deep  estuaries — much  deeper  than  could  have  originated 
by  their  own  erosion  under  present  conditions.  Many  of  these  were 
navigable  naturally  and  form  excellent  harbors  for  the  smaller  lake  craft. 
There  were  several  drowned  streams  originally  where  the  city  of  Detroit 
now  stands ;  among  them  were  Parent's,  Savoyard,  May's.  Knagg's  and 
other  creeks,  while  a  little  to  the  west  of  the  city  Is  the  river  Houge,  a 
larger  stream  which  shows  the  effect  of  drowning  for  some  eight  or  nine 
miles  above  its  mouth.  About  three  miles  above  its  mouth  the  Rou^e  re- 
ceives a  tributary  from  the  norih  called  Baby's  Creek.  It  is  a  very  small 
stream,  but  It  has  a  depth  of  eight  or  nine  feet  for  nearly  a  mile  from  the 
Rouge,  and  it  was  here  that  Commodore  Perry,  after  his  great  victory  on 
Lake  Erie  in  1818,  brought  his  fleet  for  repairs.  Baby  Creek  itself  has  a 
small  short  tributary  from  the  east  which  is  navigable  and  a  tract  of  land 
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bordering  upon  it  was  set  apart  at  an  early  day  for  a  ship  yard.  Another 
very  small  tributary  of  the  Rouge  about  half  a  mile  farther  up.  called 
CampbelVs  creek,  shows  drowning  In  a  very  marked  way.  The  average 
mid-stream  depth  of  the  Rouge  for  at  least  four  miles  above  Its  mouth  is 
eighteen  to  twenty  feet.  This  is  perhaps  three  or  Tour  times  the  depth 
that  would  be  expected  from  erosion  of  the  stream  itself,  'i'he  Savoyard 
was  where  the  busiest  part  of  the  city  is  now  located.  There  was  a  bridge 
across  It  at  Congress  street  where  the  depth  of  water  was  about  ten  feet. 
This  creek  was  the  harbor  of  early  Detroit,  but  with  the  growth  of  the 
city  it  became  an  open  sewer  and  grew  so  obnoxious  that  It  was  finally 
covered  over.  Most  of  the  other  estuaries  mentioned  within  the  limits 
of  the  city  have  been  filled  up. 

The  tributaries  of  the  St.  Clair  river— Black,  Pine  and  Belle  rivers — and 
the  tributaries  of  lake  St.  Clair,  the  Clinton  and  the  Thames,  show  the  ef- 
fects of  drowning  very  clearly.  This  peculiar  condition  of  the  tributaries 
is  supposed  to  have  come  about  in  consequence  of  the  following  changes 
In  the  condition  of  the  St.  Clalr-Detrolt  river  system.  First,  these  rivers 
existed  for  a  considerable  period  nearly  as  they  are  to-day,  differing  only 
In  the  fact  that  they  flowed  at  a  slightly  higher  levd.  Then  for  another 
considerable  period  of  time  the  three  upper  Great  Lakes  discharged  ihelr 
waters  eastward  to  the  Ottawa  valley  from  the  north  end  of  Georgian  bay, 
and  during  that  time  the  bed  of  the  St.  Clair  and  Detroit  rivers  was  nban- 
doned.  It  was  during  this  time  that  all  the  tributaries  deepened  ihelr  lower 
courses  and  cut  them  back  into  the  plain  of  the  valley  floor.  It  seems  prob- 
able that  the  tributaries  collected  in  the  bottom  of  the  old  abandoned 
beds  and  flowed  through  a  series  of  ponds  and  marshes  to  one  or  the  other 
of  the  adjacent  lakes.  During  this  time  they  were  cutting  down  their  beds 
to  a  base  level  twenty- flve  or  thirty  feet  below  the  present  surface  of  the 
river.  Finally  there  came  another  change,  an  uplift  at  the  northeast,  which 
brought  the  water  of  the  three  upper  lakes  back  to  the  abandoned  l>eds 
and  the  present  condition  of  things  was  then  established.  Naturally,  when 
the  water  fllled  up  the  greater  abandoned  beds  It  also  backed  up  Into  the 
deepened  lower  courses  of  the  tributaries,  and  that  is  why  they  are  all  so 
deep  to-day.  The  Rouge  river  shows  this  efffect  very  clearly  and  Baby*s 
and  Campbell's  creeks  still  better,  and  all  these  may  be  reached  by  a  short 
walk  from  the  end  or  the  Fort  street  electric  car  line. 

That  the  St.  Clair  and  Detroit  rivers  abandoned  their  beds  for  a  consid- 
erable time  and  then  returned  to  them  again  is  a  conclusion  which  had  been 
reached  previously  from  the  study  of  the  upper  lakes,  and  also  from  the 
study  of  the  characters  of  the  Niagara  gorge  which  shows  great  changes 
of  volume  on  the  part  of  the  river.  The  discovery  of  the  drowned 
tributaries  of  the  St.  Clair  and  Detroit  rivers  conflrms  this  idea  quite 
strongly. 


An  account  ok  the  researches  relating  to  the  Great  Lakes.     By 
J.  W.  Spencer,  Ph.D.,  Washington,  D.  C. 
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Changes    of  level  in  the  OLACLkL  foumations  of  the  Alps.    By 
Prof.  Albrecht  Pence,  University  of  Vienna,  Vienna,  Austria. 

The  interesting  papers  of  Mr.  Taylor,  Mr.  Gilbert  and  Mr.  Spencer  re- 
mind me  of  the  efforts  made  in  the  Alps  to  determine  if  there  have  been 
earth  movements  connected  with  our  lakes,  and  if  the  Section  allows  I 
will  point  out  in  a  few  minutes  the  results  at  which  we  arrived.  Profes- 
sor Helm  has  observed  that  there  are  on  the  shores  of  the  Zurich  Lake 
terraces,  cut  into  the  Molasse  rock,  which  he  assumes  to  be  made  by  river 
action.  Some  of  these  terraces  have  a  steeper  slope  than  the  lake  valley 
and  some  have  reverse  slope,  and  dip  against  the  Alps.  Helm  therefore 
assumes  that  the  whole  mountain  chain,  after  having  been  formed  by  fold- 
ing, has  sunk  down  bodily,  and  that  the  slopes  of  its  valleys  have  been 
altered.  The  upper  parts  are  sunk  below  the  lower,  and  transformed  in 
this  way  Into  lakes.  These  movements  are  assumed  to  have  taken  place 
during  the  glacial  epoch,  for  after  its  end  the  lakes  were  in  existence. 

When  surveying  the  environs  of  the  largest  lakes  of  the  Northern  Alps, 
due  attention  was  paid  to  the  post-glacial  terraces  of  the  Lake  of  Con- 
stance. Dr.  Sieger  found  no  evidence  that  they  have  been  disturbed. 
Everywhere  around  the  lake  they  have  the  same  height,  with  such  excep- 
tions as  are  due  to  local  ice  dammiugs,  and  there  is  no  evidence  on  the 
north  side  of  the  Alps  thnt  the  sinking  of  the  whole  range,  which  has 
been  assumed  by  Heim,  is  still  going  on. 

'I'he  detailed  mapping  of  the  Lake  of  Constance  region  proved  other 
kinds  of  earth  movements,  affecting  the  glacial  deposits. 

The  deposits  belonging  to  the  glacial  period  of  the  Alps  must,  as  to 
their  origin,  be  divided  into  true  moraine  and  fluvio-glacial,  the  former 
being  the  true  glacial  deposits,  the  latter  being  deposited  by  glacial  rivers. 
The  moraine  deposits  occur  everywhere  where  glaciers  have  existed,  and 
are  not  confined  to  certain  levels.  The  fluvlo-glaclal  gravels,  as  river  de- 
posits, must  have  had  originally  a  slope  In  the  direction  in  which  the  river 
flowed.  This  slope  has  been  in  some  places  destroyed  by  earth  move- 
ments. This  can  be  shown  in  the  best  way  by  following  the  oldest  of  the 
three  fluvio-glacial  deposits,  the  high-level  gravel.  It  formed  originally 
an  extensive  covering  of  the  low  ground  of  the  north  Alpine  Piedmont 
region,  sloping  to  the  north.  Now  it  forms  a  series  of  very  flat  folds 
which  run  parallel  to  the  foot  of  the  western  Alps.  These  folds  can  be 
followed  from  the  mouth  of  the  Aar  into  the  Rhine,  and  from  the  mouth 
of  the  Lech  into  the  Danube,  that  is  for  a  distance  of  250  miles.  Their 
general  arrangement  is  the  following :  One  syncllne  runs  along  the  foot 
of  the  Alps,  another  along  the  foot  of  the  Jura  Mountains ;  the  country 
between  them  shows  several  antlcllneN  and  synclines.  The  difference  of 
the  heights  of  the  synclines  and  anticlines  amounts  in  several  places  to 
200  and  300  feet. 

On  the  shores  of  the  Lake  of  Constance  some  irregularities  occur  in  the 
strike  of  the  folds.  I'hey  curve  toward  the  mountains,  forming  a  V, 
which  can  be  traced  also  in  the  structure  of  the  Molasse  and  interior  chains 
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on  both  sides  of  the  Rhine  valley,  and  forms  here,  as  well  as  on  both  sides 
of  the  Arve,  Rhone,  Aar  and  Enns  valleys,  a  very  conspicuous  feature 
in  the  strncture  of  the  Alps. 

Of  the  younger  fluvio-glacial  formations,  the  higher  and  lower  terraces, 
only  the  former  show  clear  evidence  of  folding,  and  this  is  far  less  than 
that  of  the  high-level  gravel ;  but  there  are  certain  indications  that  even 
the  lower  terraces  have  been  affected  by  folding.  These  indications  are 
found  In  the  different  positions  of  the  three  tluvlo-glaclal  formations  in 
the  different  parts  of  the  Alpine  forelands.  The  regular  succession  is  that 
the  younger  fill  up  valleys  and  cut  into  the  older  ones.  Thus  we  have 
periods  of  deposition  alternating  with  periods  of  erosion.  But  in  some 
places  the  three  fluvio-glaclal  deposits  are  superposed.  Here  only  deposi- 
tion occurred  and  no  erosion  in  the  Interglacial  times.  This  seems  to  be 
due  to  folding,  which  checked  the  erosion  in  the  synclines.  Indeed  in  the 
folded  districts  the  worlc  of  erosion  between  the  three  gravel  formations 
is  far  greater  In  the  iintlcllnes  than  in  the  synclines. 

The  earth  movements  of  the  glacial  period  in  the  Alps  are  of  a  different 
type  from  those  about  the  grand  American  laken.  The  American  belong 
to  a  warping  of  the  earth's  crust,  which  Is  independent  of  structural 
lines,  the  sub- Alpine  show  that  the  folding  of  the  Alpine  system  was  still 
going  on  in  early  glacial  times  in  the  foreland.  Whether  or  not  this  fold- 
ing was  connected,  as  Heim  assumes,  with  a  bodily  sinking  of  the  whole 
mountain  chain,  could  not  be  ascertained. 


A   SUPPLEMENTARY   HYPOTHESIS   RESPECTING   TUK  ORIGIN  OF  THE  LOESS  OF 

THE  Mississippi  valley.     By  Prof.  T.  C.  Chambeklin,  University  of 
Chicago,  Chicago,  111. 

The  distribution  of  the  loess  in  the  Mississippi  Valley  is  very  signifi- 
cant. (1)  It  is  distributed  along  the  leading  valleys.  (2)  It  thickens 
along  the  border  of  the  lowan  ice  sheet  (the  main  loess  deposit  only  l>e- 
ing  here  considered).  The  loess  is  composed  in  part  of  particles  of  the 
decomposable  silicates  and  carbonates,  which  abound  In  the  glacial  de- 
posits but  not  in  the  residuary  soils.  These  and  other  correlated  facts 
indicate  a  genetic  relationship  to  glacial  and  river  Hctlon. 

On  the  other  hand,  the  purely  aqueous  theory  encounters  grave  difficul- 
ties in  the  great  vertical  distril)ution  of  the  loess,  the  overlap  of  summits, 
the  lack  of  horlzontallty  of  border,  or  uniform  gradient  of  l>order,  the 
wide  distribution  of  land  shells,  etc. 

The  supplementary  hypothesis  recognizes  the  great  force  of  the  glacio- 
fluvial  arguments  and  assumes  their  correctness  for  the  primary  dt-posits. 
It  assumes  the  presence  of  an  ice  sheet  and  a  low  slope  of  the  land,  a 
consequent  wide  wandering  of  tlie  glacial  waters,  and  the  deposit  of  the 
glacial  grindings  over  broad  flats.     It  assumes  great  fluctuations  In  the 
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glacial  waters  (!)  as  a  result  of  periods  of  warm  weather,  and  (2)  of 
warm  rains.  The  flats  were,  therefore,  periodically  flooded  and  left  dry. 
Id  the  latter  state  they  were  facily  exposed  to  the  sweeping  of  the  winds 
and  dnst  conld  be  derived  in  great  quantities  from  them  to  be  borne  away 
over  the  adjoining  lands  and  lodged  in  its  vegetation.  The  material  would 
thus  be  essentially  fresh  glacial  silt.  The  land  moUnsks  of  the  uplands 
would  not  only  be  likely  to  be  buried  in  situ  but  also  to  be  washed  down 
to  the  lowlands  and  burled  there.  Occasionally  they  would  invade  the 
lowlands  between  overflows  and  be  caught  there.  In  some  cases  the  low- 
land and  aqueous  molluscan  shells  would  be  borne  to  the  highlands  by 
organic  agencies  and  the  severer  winds. 

To  make  this  a  good  working  hypothesis  there  must  be  an  accommoda- 
tion between  the  extent  of  fluvial  and  of  eclian  action  respectively.  If 
the  eolian  phase  is  pushed  too  far  there  is  not  sweeping  ground  enough  to 
give  the  requisite  silt,  for  it  must  be  enough  to  overmatch  erosion.  If 
the  fluvial  hypothesis  is  pushed  too  far  it  does  not  leave  feeding  ground 
enough  for  the  land  moUusks. 

Richtofen  made  the  Chinese  loess  primarily  eolian  and  secondarily  flu- 
vial and  lacustrine.  This  hypothesis  makes  the  MIsslssIppian  loess  pri- 
marily glacio-fluvial  and  secondarily  eolian. 

[This  paper  will  be  printed  in  the  Journal  of  Geology.] 


Wasatch*  Ain>  Bridger  beds  in  the  Huerfano  lake  basin.    By  Prof. 
Henry  Fairfield  Osbokn,  Columbia  University,  New  York. 

In  1888  Professor  R.  C.  Hills,  of  Denver,  announced  his  very  important 
discovery  of  Tertiary  beds  in  the  Huerfano  Basin  of  Southern  Colorado. 
He  contributed  three  papers  to  this  subject  in  the  Proceedings  of  the  Col- 
orado Scientific  Society  in  1888,  1889  and  1891,  and  finally  divided  the  beds 
into  three  series,  namely : 


Huerfano  Beds  Bridger  Group  ....    3,300 


Huerfano  Series  I  Cuchara  Beds  \ 300 

(Eocene)  f  (Lower  Eocene  (Green  River 

I       .        _  r  Wasatch  and  Puerco)    .    3,600 

)  Poison  Canon  Beds  j 

The  identification  of  the  Huerfano  beds  proper  was  made  by  means  of 
a  large  collection  of  fragmentary  fossils.  The  Identification  of  the  lower 
beds  was  upon  stratigraphic  evidence  only.  Professor  Hills  observing  that 
they  underlay  conformably  the  upper  beds.  The  essential  features  of  his 
conclusions  were  as  follows : 

>  Since  this  paper  was  read,  the  fauna  proves  to  be  Wind  River,  rather  than 
Wasateh. 
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( 1 )  That  the  Huerfano  Series  of  3,300  feet  are  eqaivalent  to  the  Bridger 
or  Middle  Eocene,  and  the  Cuchara  and  Poison  Canon  Series  are  probably 
equivalent  to  the  Lower  Eocene. 

(2)  At  the  close  of  the  Laramie  Period  the  great  anticlinal  axis  was 
over  to  the  east  and  southeast  of  the  Wet  Mountain  Range,  and  east  of 
Spanish  Peaks,  forming  the  eastern  border  of  the  lake,  extending  fifty  miles 
north  and  south,  and  from  ten  to  twenty  miles  east  and  west. 

(3)  The  eruption  of  the  laccolithic  Silver  Mountain  and  Spanish  Peaks 
was  subsequent  to  the  Upper  Lake  deposits  of  Bridsrer  age.  Hence  these 
deposits  are  found  upon  the  slopes  of  Spanish  Peaks. 

(4)  The  drainage  of  the  Huerfano  Lake  was  to  the  north  through  the 
Wet  Mountain  Valley. 

In  May,  1897,  the  writer,  accompanied  by  Dr.  J.  L.  Wortman,  made  a  brief 
reconnaissance  of  this  basin,  and  came  to  the  following  conclusions,  differ- 
ing from  those  reached  by  Professor  HlUs  .* 

(1)  That  west  of  the  Huerfano  canon  the  variegated  marls,  clays,  soft 
shales  and  sands  aggregate  only  800  to  1000  feet  in  thickness,  are  nearly 
horizontal  in  position,  and  constitute  alone  the  true  Huerfano  lake  de- 
posits. They  may  be  positively  divided  into  upper  beds,  equivalent  to  the 
Bridger.  From  the  observations  and  conclusions  made  in  the  basin  there 
are  also  undoubtedly  lower  beds,  equivalent  to  the  Wind  River  and  Wa- 
satch. 

(2)  That  the  so-called  Cuchara  and  Poison  Canon  Beds  are  unconform- 
able with  the  Huerfano  and  are  of  older  age,  probably  cretaceous  as  partly 
determined  by  the  presence  of  Baculitea  in  the  Poison  Canon  section, 
which  was  selected  by  Professor  Hills  as  typical. 

(3)  That  the  eastern  boundary  of  the  Huerfano  Lake  is  partly  indi- 
cated in  the  present  canon  of  the  Huerfano  River ;  that  this  boundary  ex- 
tended to  the  south  so  as  to  include  the  base  of  Silver  Mountain  toward 
the  Cuchara  divide ;  that  it  lies  from  three  to  seven  miles  west  of  the  an- 
ticlinal axis  described  by  Professor  Hills,  and  that,  therefore,  the  Huer- 
fano Lake  deposition  did  not  extend  as  far  to  the  east  or  south  as  the 
Spanish  Peaks. 

The  geological  features  of  these  conclusions  can  hardly  be  dignified  by 
the  term  "A  theory  of  the  Huerfano  Lake,"  for  they  were  formed  during 
a  hasty  survey  of  this  basin ;  while  Professor  Hills'  results  certainly  de- 
serve the  deliberate  consideration  of  a  prolonged  survey.  In  fact  this  bavin 
with  its  volcanic  disturbances  and  eruptions  presents  a  fascinating  prob* 
lem  in  the  geology  of  tertiary  times.  Among  the  Bridger  forms  discov- 
ered were  many  portions  of  the  skeleton  of  Tillotherium,  besides  remains 
of  Hyrachyus^  PaloeosyopSt  MicrosyopSy  Calamodon,  Stypolophus  and  Pachy- 
nolophus.  This  region  is  peculiar  in  the  absence  of  Uintatherium.  In  the 
lower  beds  are  found  teeth  and  limb  bones  of  Coryphodon,  PhenacoduSj 
OzyoBnat  Pantolestea  and  other  lower  Eocene  forms,  probably  of  Wasatch 
age. 

The  writer  is  greatly  indebted  to  Professor  R.  C.  HlUs  for  his  very  full 
information  in  regard  to  the  topography  of  the  basin,  and  for  assistance 
and  advice  In  connection  with  the  trip. 
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Lower  carbonikbrous  of  Huron  County,  Michigan.    By  Alfred  C. 
Lane,  Assistant  State  Geologist,  Houghton,  Mich. 

[Communicated  by  the  Secretary.'} 


Progress  of  hydrografhic  investigations  by  the  U.  S.  Geological 
SuRVKY.  By  F.  H.  Newkll,  U.  8.  Geological  Survey,  Washing- 
ton, D.  C. 


Ice  jams  and  what  thky  accomplish  in  geology.    By  M.  A.  Veeder, 
M.D.,  Lyons,  Wayne  County,  N.  Y. 


On  Tuesday  the  Geological  Society  of  America  occupied  the  time 
of  Section  £,  and  the  following  papers  were  read. 


The  Granii-e  Mountain  Area  of  Burnet  County,  Texas.    By  Fred- 
eric W.  SiMONDS,  Austin,  Texas. 


Exposures  near  Detroit  of  Helderberg  limestones  and  associated 
GYPSUM,  salt  and  SANDSTONES.    By  W.  H.  Shekzer,  Ypsllauti,  Mich. 


Thk  NOMENCLATURE   OF  THE  CAKBONIPKIIOUS  FORMATIONS   OF  TEXAS.    By 

Robert  T.  Hill,  Washington,  D.  C.     (Read  by  Title.) 


STRATIOBAPHY    and     structure    OF    THE    PUGET    GROUP,    WASHINGTON. 

By  Bailey  Wilus,  Washington,  D.  C. 
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Thb  LOKS8  AS  A  LAND  DEPOSIT.    By  J.  U.  Uddkn,  Rock  IsUnd,  III. 


Clay-vbins    vertically   intrhsbctino    Coal  Measures.     By   W.   S. 
GiiESLEY,  Erie,  Pa.     (Read  by  Title.) 


Analogy  between  decuvitibs  of  land  and  submarine  valleys.    By 
J.  W.  Spencer,  WashtnKtoii,  D.  C. 


Great  changes  of  level  in  Mexico  and  the  intbr-oceanic  connec- 
tions.    By  J.  W.  Spencer,  Washington,  D.  C. 


A  Joint  Session  with  Section  H  was  held  on  Wednesday  afternoon  for 
the  Discussion  on  the  Implement-bearing  beds  of  Trenton. 
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LELAND  O.  HOWARD, 

VICE   PRKSIDBNT,   AND   CHAIRMAN    OP   SECTION    F. 


THE  SPREAD  OF  LAND  SPECIES  BT  THE  AGENCY  OF  MAN; 
WITH  ESPECIAL  REFERENCE  TO  INSECTS. 


Among  the  many  influences  which  during  the  last  century  or  two 
have  been  affecting  that  unstable  condition  of  life  which  is  ex- 
pressed in  the  words  ^'  the  geographical  distribution  of  animals 
and  planta,"  none  has  approached  in  potency  the  agency  of  man 
exerted  both  purposely  and  unwittingly  or  accidentally. 

Natural  spread  was  for  centuries  the  rule.  Species  dispersed 
under  natural  conditions  along  the  line  of  least  resistance.  Winged 
animals  and  seeds  were  spread  by  flight  and  by  the  agency  of 
winds,  and  at  their  stopping  places  thrived  or  did  not  thrive  ac- 
cording as  conditions  were  suitable  or  not  suitable.  Aquatic  ani- 
mals and  plants  and  small  land  animals  and  plants  were  distributed 
by  the  action  of  rivers  and  streams  and  by  the  ocean  itself.  Won- 
derful migrations  have  occurred,  commonly  with  birds,  more  rarely 
with  other  animals ;  ice  floes  and  driftwood  have  carried  animals  and 
plants  far  from  their  original  habitats  and  even  volcanic  action  has 
taken  part  in  the  dispersal  of  species.  Smaller  animals,  especially 
moUosks  and  insects,  and  the  seeds  of  plants,  have  been  carried 
many  hundreds  of  miles  by  birds  and  lesser  distances  by  mammals. 

With  the  improvement  of  commercial  intercourse  between  na- 
tions by  land  and  by  sea,  another  factor  became  more  and  more 
prominent  until,  in  the  present  period  of  the  world's  history,  the 
agency  of  man  in  the  spread  of  species,  taking  all  plant  and  ani- 
mal life  into  consideration,  has  become  the   predominating  one. 

(211) 


212  SKCTIOM    P. 

Potentially  cosmopolitaD  forms,  possibly  even  insular  indigenes, 
have  by  this  important  agency  become  dispersed  over  nearly  all  of 
the  civilized  parts  of  the  globe,  while  thousands  of  other  species 
have  been  carried  thousands  of  miles  from  their  native  homes,  and 
have  established  themselves  and  flourished,  often  with  a  new  vigor, 
in  a  new  soil  and  with  a  novel  environment. 

It  is  obvious  that  this  agency  is  readily  separable  into  two  divi- 
sions :     a,  intentional ;  6,  accidental. 

(a)  Intentional  introductions. — Since  early  times  strange  plants 
and  animals  have  been  carried  home  by  travellers.  Conquering 
armies  have  brought  back  with  the  spoils  of  conquest  new  and  in- 
teresting creatures  and  useful  and  strange  plants.  With  the  dis- 
covery of  America  and  with  the  era  of  circumnavigation  of  the 
globe  such  introductions  into  Europe  of  curious  and  useful  species, 
plants  in  particular,  increased  many  fold ;  while,  with  the  coloniza- 
tion of  America  and  other  new  regions  by  Europeans,  there  were 
many  intentional  return  introductions  of  old-world  species  con- 
ducive to  the  welfare  or  pleasure  of  the  colonists.  Activity  in  this 
direction  has  been  increasing  and  increasing.  Public  botanical 
gardens  and  many  wealthy  individuals  in  all  quarters  of  the  globe 
have  hardly  left  a  stone  unturned  in  their  efforts  to  introduce  and 
acclimatize  new  plants,  particularly  those  of  economic  importance 
and  aesthetic  quality,  not  failing  occasionally,  it  must  parentheti- 
cally be  said,  to  establish  some  noxious  weed,  or  some  especially 
injurious  insect ;  while  it  is  safe  to  say  that  probably  the  majority 
of  the  desirable  plants  of  Europe  which  will  grow  in  the  United 
States  have  already  been  introduced,  and  that  there  has  been  an 
almost  corresponding  degree  of  activity  in  the  introduction  of  de- 
sirable plants  from  the  United  Stales  into  Europe.  In  all  this  host 
of  valuable  introductions  there  have  been  comparatively  few  which 
have  turned  out  badly,  aside  from  failures  of  establishment.  The 
wild  garlic  (Allitim  vinecUe)^  that  ubiquitous  plant  which  gives  its 
taste  to  milk,  butter,  and  even  to  beef  during  the  spring  and  sum- 
mer months  in  many  of  our  States,  is  said  to  have  been  intention- 
ally introduced  by  the  early  residents  of  Germantown,  Pennsyl- 
vania. The  water  hyacinth  (Piaropus  crassipes) ,  originaWy  grown 
for  ornament  in  a  pond  near  Palatka,  Florida,  escaped  into  the 
Saint  John's  river  about  1890,  and  has  multiplied  to  such  an  ex- 
tent as  seriously  to  retard  navigation  and  to  necessitate  govern- 
ment investigation.      The  distribution  of  the  orange  hawk-weed 
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(Hieracium  awantiacvm)  ^  a  dangerous  Bpeeies  which  has  ruined 
hundreds  of  acres  of  pasture  land  in  New  York  of  recent  years, 
was  originally  aided  by  a  florist  as  a  hardy  ornamental  plant.  The 
Kuropean  woad- waxen  (Genista  tinctorium)  was  early  introduced 
at  Salem,  Mass.,  in  fact  about  thirty  yeara  after  the  settlement  of 
the  colony.  It  has  apparently  not  been  used  as  a  dye  plant,  but 
for  garden  and  ornamental  purposes  only.  During  the  last  few 
years  it  has  become  a  noxious  weed  throughout  Essex  and  the  ad- 
joining counties.  Standing  on  a  rock  at  Swampscott  on  July  9 
last,  the  writer  was  able  to  see  that  the  country  for  miles  around 
was  colored  a  bright  yellow  with  enormous  masses  of  this  plant. 
Similar  instances  are  fortunately  rare  and  the  majority  of  our  nox- 
ious weeds  have  been  accidental  introductions. 

Intentional  introductions  of  animals,  however,  have  by  no  means 
resulted  as  advantageously  as  intentional  introductions  of  plants, 
with  the  exception  of  the  truly  domesticated  species  such  as  the 
horse,  ass,  cow,  sheep,  pig,  dog,  cat,  poultry,  honey  bee,  and  silk- 
worm of  commerce.  Even  with  such  species,  the  grazing  ranges 
of  Australia  have  been  overrun  by  wild  horses  to  such  an  extent 
that  paid  hunters  shoot  them  at  a  small  sum  per  head  and  the  Eu- 
ropean rabbit  has  become  a  much  worse  plague  on  the  same  island 
continent. 

Intentional  introductions  of  wild  species,  however,  have  almost 
without  exception  resulted  disastrously. 

At  various  intervals  between  1860  and  1867  a  few  pairs  of  Eng- 
lish sparrows  were  introduced  into  our  northeastern  States  to  de- 
stroy canker-worms,  and  to-day  this  species  is  a  ubiquitous  and 
nnmitigated  pest  throughout  all  the  austral  and  transition  regions 
of  North  America,  finding  its  limit  only  at  the  borders  of  the  bo- 
real zone,  while  the  place  of  the  injurious  insect  it  was  imported  to 
destroy  has  been  taken  by  another  and  worse  insect  pest  which  it 
will  not  touch. 

In  1872  Mr.  W.  Bancroft  Espeut  imported  four  pairs  of  the  In- 
dian mongoos  from  Calcutta  into  Jamaica  for  the  purpose  of  de- 
stroying the  "  cane-piece  rat."  Ten  years  later  it  was  estimated 
that  the  saving  to  the  colony  through  the  work  of  this  animal 
amounted  to  £100,000  annually.  Then  came  a  sudden  change  in 
the  aspect  of  affairs.  It  was  found  that  the  mongoos  destroyed  all 
ground -nesting  birds  and  that  the  poultry  as  well  as  the  insectiv- 
orous reptiles  and  batrachians  of  the  island  were  being  extermi- 
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nated  by  it.  Injurious  insects  increased  in  consequence  a  thousand 
fold,  the  temporary  benefits  of  the  introduction  were  speedily  wiped 
away,  and  the  mongoos  became  a  pest.  Domestic  animals,  in- 
cluding young  pigs,  kids,  lambs,  newly-dropped  calves,  puppies 
and  kittens  were  destroyed  by  it,  while  it  also  ate  ripe  bananas, 
pine  apples,  young  corn,  avocado  pears,  sweet  potatoes,  cocoas, 
yams,  pease,  sugar  cane,  meat  and  salt  provision  and  fish.  Now, 
we  are  told,  nature  has  made  another  effort  to  restore  the  balance. 
With  the  increase  of  insects  due  to  the  destruction  by  the  mongoos 
of  their  destroyers,  has  come  an  increase  of  ticks  which  are  de- 
stroying the  mongoos  and  all  Jamaicans  rejoice. 

The  flying  foxes  of  Australia  {Pteropua  spp.)  are  animals  which 
are  very  destructive  to  fruit  in  their  native  home.  Frequently  some 
well-meaning  but  misguided  person  will  arrive  on  a  steamer  at  San 
Francisco  with  one  or  more  of  these  creatures  as  pets.  While  it 
is  not  probable  that  any  of  the  flying  foxes  will  thrive  in  northern 
California,  or  in  fact  in  Austral  regions,  the  experiment  is  too  dan- 
gerous a  one  to  try,  and  the  quarantine  officer  of  the  California 
State  Board  of  Horticulture  has  always  destroyed  such  assisted 
immigrants  without  mercy. 

Less  than  thirty  years  ago  (in  1868  or  1869),  Professor  Trouve- 
lot  imported  the  eggs  of  the  gypsy  moth  {PortJietria  dispar)  into 
Massachusetts.  The  insect  escaped  from  confinement,  increased  in 
numbers,  slowly  at  first,  more  rapidly  afterwards,  until  in  1889  it 
attracted  more  than  local  attention  with  the  result  that  in  1890  the 
State  began  remedial  work.  This  work  has  steadily  progressed 
since  that  time  and  the  State  has  already  expended  something  over 
a  half  million  of  dollars  in  the  effort  to  exterminate  the  insect,  and 
it  is  estimated  that  one  million  five  hundred  and  seventy-five  thou- 
sand dollars  more  must  be  used  before  extermination  can  be  effected. 

Contrast  with  this  a  single  intentional  importation  which  has  had 
beneficial  results.  The  Australian  ladybird  (VedcUia  cardincdis) 
was  introduced  into  California  in  1 889  with  the  result  of  saving  the 
whole  citrus  growing  industry  of  the  State  from  approaching  ex- 
tinction through  the  ravages  of  the  cottony-cushion  scale  {Icerya 
purchaai) .  Later  importations  of  the  same  insect  into  South  Africa 
and  Egypt  also  resulted  beneficially. 

We  ha\  e  thus  had  sufficient  experience  with  intentional  impor- 
tations to  enable  us  to  conclude  that,  while  they  may  often  be 
beneficial  in  a  high  degree,  they  form  a  very  dangerous  class  of 
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experiments  and  shoold  never  be  undertaken  without  the  fullest 
understanding  of  the  life  history  and  habits  of  the  specie^.  Even 
then  there  may  be  danger  as,  with  a  new  environment,  habits  fre- 
quently change  in  a  marked  degree. 

(6)  Accidental  introductions , — The  agency  of  man,  however,  has 
been  more  potent  in  extending  the  range  of  species  and  in  chang- 
ing the  character  of  the  faunas  and  the  floras  of  the  regions  which 
he  inhabits,  by  means  of  accidental  importations. 

The  era  of  accidental  importations  began  with  the  beginnings  of 
commerce  and  has  grown  with  the  growth  of  commerce.  The  vast 
extensions  of  international  trade  of  recent  years,  every  improve- 
ment in  rapidity  of  travel  and  in  safety  of  carriage  of  goods  of  all 
kinds  have  increased  the  opportunities  of  accidental  introductions ; 
until,  at  the  present  time,  there  is  hardly  a  civilized  country  which 
has  not,  firmly  established  and  flourishing  within  its  territory,  hun- 
dreds of  species  of  animals  and  plants  of  a  foreign  origin,  the 
time  and  means  of  introduction  of  many  of  which  cannot  be  ex- 
actly traced,  while  of  others  even  the  original  home  cannot  be  as- 
certained, so  widespread  has  their  distribution  become. 

These  accidental  importations  would  at  flrst  glance  seem  to  have 
been  more  abundant  with  plants  than  with  animals,  since  the  op- 
portunities for  the  carriage  of  seed,  especially  flying  or  burr-like 
seed  and  especially  when  we  consider  the  vitality  of  this  form  of 
the  plant  organism,  are  plainly  manifold ;  but  I  shall  later  show  that 
possibly  even  this  obvious  generalization  must  be  modified,  in  view 
of  the  multitudinous  chances  for  free  travel  which  the  smaller  in- 
sects have  under  our  modern  systems  of  transportation. 

The  agencies  which  have  mainly  been  instrumental  in  the  acci- 
dental distribution  of  plants  are : 

1 .  Wind  storms. —  It  is  obvious  that  light  flying  seeds  may  be 
cari'ied  many  hundreds  of  miles  by  hurricanes  and  may  fall  in  new 
regions. 

2.  Water. —  This  is  a  very  important  agency  in  the  distribution 
of  plants  upon  the  same  continent,  but  less  impoitant  as  affecting 
intracontinental  distribution.  Still  they  may  be  carried  by  this 
means  from  one  island  to  another  adjoining  island  and  when  lodged 
in  the  crevices  of  driftwood  they  undoubtedly  travel  greater  dis- 
tances. 

8.  Birds,  —  Seeds  are  frequently  carried  great  distances  by 
birds.  Many  of  the  larger  seeds  will  germinate  after  passing 
thruogh  the  alimentary  canal  of  a  bird  and  may  thus  be  eaten  at 
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one  point  and  voided  with  the  excrement  at  a  widely  distant  point. 
It  has  been  shown,  for  example,  that  the  local  distribution  of  Rhus 
toxicodendron  is  greatly  effected  by  the  carriage  and  distribution  of 
the  seed  in  this  way  by  the  common  crow.  Smaller  seeds  are 
carried  in  earth  on  the  feet  of  birds.  Darwin's  example  of  a 
wounded  red-legged  partridge  which  had  adhering  to  its  leg  a  ball 
of  earth  weighing  6^  ounces  from  which  he  raised  82  plants  of 
about  five  distinct  species  is  an  evidence  of  the  possibilities  of  this 
agency,  while  his  experiment  with  6f  ounces  of  mud  from  the  edge 
of  a  pond  which  produced  537  distinct  plants,  an  average  of  a 
seed  for  every  six  grains  of  mud,  is  still  more  conclusive. 

4.  Ballast. —  This  is  the  first  of  the  distribution  methods  which 
may  be  combined  under  the  head  of  ''  agency  of  man."  The  dis- 
charge of  earth  ballast  by  vessels  coming  from  abroad  has  been  a 
notable  means  of  distribution  of  plants  by  seed.  We  have  just 
seen  how  many  seed  may  germinate  from  a  very  small  lump  of 
earth  and  the  possibilities  in  this  direction  of  the  many  thousands 
of  pounds  of  discharged  ballast  are  very  great.  In  fact  the  bal- 
last grounds  in  the  neighborhood  of  great  cities  are  invariably 
favorite  botanical  collecting  spots ;  they  have  usually  a  distinctive 
flora  of  their  own  and  from  these  centres  many  introduced  plants 
spread  into  the  surrounding  country. 

5.  Impure  seed. — The  great  industry  in  the  sale  of  seed  which 
has  grown  up  of  late  years  is  responsible  for  the  spread  of  many 
plant  species,  principally,  it  must  be  said,  undesirable  species.  Mr. 
L.  H.  Dewey  says :  ^'  It  may  be  safely  asserted  that  more  of  our 
foreign  weeds  have  come  to  us  through  impure  field  and  garden 
seeds  than  by  all  other  means  combined." 

6.  The  packing  inalerud  of  merchandise. —  The  hay  or  straw 
used  in  packing  crockery,  glassware  or  other  fragile  merchandise  is 
a  frequent  carrier  of  foreign  seeds.  Such  goods  frequently  reach 
the  retailer  without  repacking,  and  the  hay  or  straw  is  thrown  out 
upon  the  fields  or  used  as  bedding  for  domestic  animals  and  carried 
out  with  the  manure. 

7.  Nursery  stock. — Plants  are  often  accidentally  introduced  by 
means  of  seeds,  bulbs  and  root  stocks  attached  to  nursery  stock, 
or  among  the  pellets  of  earth  about  the  roots  of  nursery  stock. 
The  extraordinary  development  of  late  years  of  commerce  in  nur- 
sery stock  has  undoubtedly  been  responsible  for  the  intracontinental 
carriage  of  many  species  of  plants  in  this  way. 

Instances  of  the  accidental  spread  of  larger  animals  by  man's 
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agency  are  necessarily  wanting.  Of  the  smaller  mammals  the 
house  rat  and  the  house  mouse  have  been  accidentally  carried  in 
vessels  to  all  parts  of  the  world  and  have  escaped  and  established 
themselves,  the  former  practically  everywhere  except  in  boreal  re- 
gions, or  only  in  its  southern  borders,  and  the  latter  even  as  far 
north  as  the  Fribyloff  Islands,  as  I  am  informed  by  Dr.  Merriam. 
Small  reptiles  and  batrachians  are  often  accidentally  candied  by 
commerce  from  one  country  to  another,  but  although  there  are 
probably  instances  of  establishment  of  such  species  none  are 
known  to  me  at  the  time  of  writing. 

Land  shells  are  often  transported  accidentally  across  the  ocean 
in  any  one  of  the  many  ways  in  which  the  accidental  transporta- 
tion of  plants  and  insects  may  be  brought  about,  and  by  virtue  of 
their  remarkable  power  of  lying  dormant  for  many  months  are  able 
to  sarvive  the  longest  journeys.  The  conditions  which  govern  the 
establishment  of  species  in  this  group,  however,  seem  somewhat 
restrictive,  whence  it  follows  that  comparatively  few  forms  have 
become  widespread  through  man's  agency,  although  Binney  men- 
tions a  number  of  European  species  which  have  been  brought  by 
commerce  into  the  United  States  and  have  established  themselves 
here,  mainly  in  the  vicinity  of  the  seaport  towns  of  the  Atlantic 
coast. 

With  the  earthworms,  a  striking  situation  exists.  It  has  been 
shown  that,  '^  without  a  single  exception,  the  Lumbricidse  from  ex- 
traeuropean  regions  are  identical  with  those  of  Europe ;  there  is 
not  a  variety  known  which  is  characteristic  of  a  foreign  country."' 
Careful  consideration  of  the  evidence  seems  to  show  that  this  is 
due  to  accidental  transportation  by  the  agency  of  man. 

Comparatively  little  has  been  done  in  the  study  of  geographical 
distribution  of  insects.     In  the  words  of  Wallace  : 

''  The  families  and  genera  of  insects  are  so  immensely  numer- 
ous, probably  exceeding  fifty-fold  those  of  all  other  land  animals, 
that  for  this  cause  alone  it  would  be  impossible  to  enter  fully  into 
their  distribution  It  is  also  quite  unnecessary,  because  many  of 
the  groups  are  so  liable  to  be  transported  by  accidental  causes  that 
they  afford  no  useful  information  for  our  subject ;  while  others  tire 
so  obscure  and  uninteresting  that  they  have  been  ver}*  partially  col- 
lected and  studied,  and  are  for  this  reason  equally  ineligible." 

Nevertheless  the  time  has  already  arrived  with  some  groups,  and 

>  F.  E.  Beddard,  Text  Book  of  Zoogeography,  Cambridge,  18d6,  p.  153. 
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is  not  far  distant  even  with  the  others  which  Mr.  Wallace  has  termed 
^^  obscure  and  uninteresting,"  when,  owing  to  the  indefatigable  in- 
dustry of  entomologists  as  a  class,  important  facts  can  be  gained 
along  distribution  lines  from  the  group  of  insects.  Thus,  it  is 
only  within  the  past  few  months  that  the  publication  of  Mr.  W.  P. 
Kirby's  Catalogue  of  the  Odonata  of  the  World  has  made  it  pos- 
sible for  Mr.  G.  H.  Carpenter,  of  the  Royal  Dublin  Society,  to  pre- 
pare a  comprehensive  paper  on  the  geographical  distribution  of 
the  dragon-flies,  a  group  in  which  comparatively  few  workers  have 
interested  themselves.  It  is  in  a  measure  true  to-day,  as  it  was 
entirely  true  when  Wallace  wrote,  that  ^'  many  of  the  groups  are 
so  liable  to  be  transported  by  accidental  causes  that  they  afford 
no  useful  information  for  our  subject;"  yet,  even  with  the  group  in 
which  the  greatest  obscurity  as  to  the  original  home  of  the  species 
has  existed,  owing  to  a  very  easy  and  most  frequent  commercial 
transportation  — the  Coccidse  or  scale-insects  —  the  continued  dis- 
covery and  characterization  of  new  forms  from  all  parts  of  the 
world,  and  especially  of  those  existing  in  wild  regions,  away  from 
the  influence  of  man,  are  gradually  giving  us  an  insight  into  the 
probable  character  of  the  original  coccid  faunas  of  more  or  less 
restricted  regions. 

By  reason  of  the  drawbacks  mentioned,  Wallace  considered  only 
^'  a  few  of  the  largest  and  most  conspicuous  families  which  have 
been  so  assiduously  collected  in  every  part  of  the  globe  and  so 
carefuUy  studied  at  home  as  to  afford  valuable  materials  for  com- 
parison with  the  vertebrate  groups."  These  groups  included  the 
sixteen  families  of  diurnal  Lepidoptera  and  six  of  the  families  of 
Coleoptera.  Even  with  this  restriction  amonsr  the  beetles,  how- 
ever, he  must  have  had  some  difficulties  with  the  accidental  impor- 
tations ;  for,  among  the  beetles,  are  hundreds  of  examples  of  this 
class  of  introductions.  For  instance,  writing  later  in  his  Island 
Life,  the  great  naturalist  shows  that,  in  1880,  the  total  number  of 
species  of  beetles  known  in  the  Azores  amounted  to  two  hundred 
and  twelve  of  which  one  hundred  and  seveniy-five  were  European. 
Out  of  these,  however,  no  less  than  one  hundred  and  one  were  be- 
lieved to  have  been  introduced  by  human  agency.  Concerning  St. 
Helena  he  quotes  Mr.  Wollnston^s  opinion  that  seventy-four  of  tho 
two  hundred  and  three  species  have  certainly  been  inti-oduced  by 
the  agency  of  man. 

In  considering  the  question  as  to  the  regions  with  which    an 
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interchange  of  forms  is  most  likely  to  occur,  it  is  obvious  that  they 
are  those  which  have  the  greatest  similarity  of  climate  and,  most 
nearly,  identity  in  point  of  time  of  seasons,  those  in  fact  which 
are  most  likely  to  afford  similar  environmental  conditions.  A  study 
of  the  similarity  of  faunas  and  floras  already  existing  will  lead  us 
to  the  same  result.  Wallace  has  pointed  out  that  with  the  Cole- 
optera  the  best  marked  affinities  between  regions  are  those  between 
the  Nearctic  and  the  Palaearctic,  the  Oriental  and  Australian,  the 
Australian  and  the  Neotropical,  all  of  which  appear  to  be  about 
equal  in  each  case.  Next' comes  that  between  the  Ethiopian  and 
the  Oriental  on  the  one  side  and  the  Ethiopian  and  the  Neotropical 
on  the  other,  which  also  appear  about  equal.  Then  follows  that 
between  the  Nearctic  and  Neotropical  regions  and  lastly,  and  by 
far  the  least  marked,  that  between  the  north  temperate  and  south 
temperate  regions. 

Further,  in  the  consideration  of  accidental  commercial  importa- 
tions, the  amount  and  frequency  of  commercial  interchange  and  the 
rapidity  of  the  journey  are  most  important  factors. 

From  all  of  these  considerations  combined  we  arrive  at  the  con- 
clusion that  tlie  regions  with  which  accidental  interchange  of  species 
should  be  most  frequent  are  Europe  and  North  America,  and  this 
is  with  insects  to  a  certain  extent  borne  out  by  the  facts.  The  in- 
troduction of  species  from  Europe  into  North  America  is  of  every 
day  occurrence  and  their  establishment  is  far  from  rare.  The  car- 
riage of  American  species  to  Europe  is  an  equally  frequent  matter 
but  their  establishment  is  much  less  frequent. 

I  have  studied  in  this  connection,  my  profession  being  that  of 
an  economic  entomologist,  principally  the  species  which  are  prom- 
inent as  injurious  to  horticulture  or  agriculture  or  in  other  ways 
inimical  to  man.  Listing  the  insects  of  prime  economic  importance 
to  the  United  States,  the  species  each  of  which  almost  annually 
causes  a  loss  of  hundreds  of  thousands  of  dollars,  we  find  that 
they  number  seventy-three.  Of  these  thirty  are  native,  while 
thirty-seven  species  have  been  introduced,  six  species  being  of 
doubtful  origin.  Of  the  thirty-seven  introduced  species,  thirty 
have  come  to  us  from  Europe,  all,  with  one  exception,  as  acciden- 
tal importations. 

Of  the  prominent  European  injurious  insects,  on  the  other  hand, 
but  three  are  said  to  have  come  from  America:  the  grape-vine 
Phylloxera  (Phylloxera  vcuftatrix)^  the  wooUy  root-louse  of  the 
apple  or  *' American  blight"  {Schizoneura lanigera) ^  and  the  Medi- 
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terranean  flour  moth  {EpliesUa  kuhnielld).  Of  these  bat  one  is 
certainly  American  —  the  Phylloxera.  The  origin  of  the  Schizo- 
neura  is  somewhat  doubtful,  while  the  Mediterranean  flour  moth  is 
not  American,  but  probably  came  to  us  fVoiii  Europe  although 
originally  it  is  probably  Oriental. 

As  with  these  insects  of  prime  economic  importance,  so  it  is 
with  other  less  noted  species.  There  have  been  rather  frequent 
establishments  of  European  species  in  America,  but  practically 
none  of  American  species  in  Europe.  The  reason  for  this  curious 
condition  of  affairs  is  difficult  to  find.  The  general  trend  of  acci- 
dental importations  seems  to  have  been  westward  and  it  is  doubtless 
a  fact  that  certain  of  our  now  cosmopolitan  forms  were  originally 
Asiatic  and  have  travelled  westward  through  Europe,  to  and  across 
America,  and  thence  to  Hawaii,  New  Zealand  and  Australia.  The 
existence  of  such  a  law  is  borne  out  in  the  study  of  plants  as 
well.  The  statement  just  made  regarding  insects  of  prime  eco- 
nomic importance  is  almost  exactly  paralleled  with  the  plants 
classed  as  weeds.  It  has  thus  been  shown  that  out  of  two  hun- 
dred American  weeds,  one  hundred  and  eight  are  introduced,  of 
which  ninety-six  are  from  Palsearctic  regions,  sixty-eight  being 
native  to  Europe,  while  it  seems  that  less  than  half  a  dozen  Amer- 
ican species  have  become  troublesome  in  Europe.  A  number  of 
American  species,  however,  have  been  carried  to  Australia  and 
flourish  there  with  vigor. 

This  general  trend  from  east  to  west  has  always  been  in  the  di- 
rection of  the  newer  civilization  —  from  the  older  civilization  to 
the  newer.  That  this  in  itself  is  significant  cannot  be  doubted 
and,  in  the  case  of  the  insect  and  plant  enemies  of  agriculture,  the 
facts  surrounding  this  condition  are  almost  in  themselves  sufllcient 
to  account  for  this  directive  movement.  I  have  shown  in  another 
paper  that  the  denser  population  of  the  older  countries  and  the 
resulting  vastly  smaller  holdings  in  farms,  the  necessarily  greatly 
diversified  crops,  the  frequent  rotations  of  crops,  together  with 
the  clean  and  close  cultivation  necessitated  by  the  small  size  of 
the  holdings,  and  the  cheaper  and  more  abundant  labor,  will  all 
operate  as  a  barrier  against  the  establishment  of  injurious  species  ; 
while  the  reversed  conditions,  in  a  newer  country,  at  once  liberate 
an  introduced  species  from  the  repressive  conditions  which  affected 
it  in  its  original  home  and  encourage  its  establishment,  multipli- 
cation and  spread.  But  there  are  deeper  causes  than  this  at  work. 
It  has  been  suggested  that  the  flora  and  fauna  of  America,  the 
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older  continent,  have  become  degenerate  through  age  and  cannot 
saccessfully  resist  competition  with  the  more  vigorous  forms  in- 
troduced from  the  younger  continent  of  Europe^  and  that  there 
are  not-yet-formulated  climatic  differences  favorable  to  the  devel- 
opment of  Palaearctic  forms  on  the  American  continent ;  but  these 
theories  seem  unsusceptible  of  proof  and  for  the  present  we  must 
content  ourselves  to  accept  the  facts  as  we  find  them. 

The  insects  which  are  accidentally  imported  are  carried  in  three 
main  ways :  either  (1 )  they  are  unnoticed  or  ignored  passengers  on 
or  in  their  natural  food,  which  is  itself  a  subject  of  importation, 
such  as  nursery  stock,  plants,  fresh  or  dried  fruit,  dried  food 
stuffs,  cloths,  lumber,  or  domestic  animals ;  or  (2)  their  food  being 
the  packing  substances  used  to  surround  merchandise,  or  the  wood 
fi-om  which  cases  are  made,  they  are  thus  brought  over ;  or  (3)  they 
may  be  still  more  accidental  passengers,  having  entered  a  vessel 
being  loaded  during  the  summer  season,  and  hidden  themselves 
away  in  some  crevice.  The  coleopterists  (Hamilton  and  Fauvel) 
make  a  distinction  by  name  among » these  classes,  calling  the  first 
group  ^'insects  of  commerce"  and  the  last  '^accidental  importa- 
tions." 

It  would  appear  on  the  face  that  these  more  strictly  accidental 
importations  must  be  rarer  than  those  which  are  termed  commer- 
cial importations,  yet  of  the  166  introduced  Coleoptera  recorded 
by  Dr.  Hamilton  in  1889,  sixty  only  were  considered  by  that 
writer  as  insects  of  commerce,  while  ninety-six  he  thought  had  been 
brought  over  in  this  accidental  way. 

The  remaining  Coleoptera  common  to  North  America  and  the 
Palsearctic  region,  278  in  all,  Dr.  Hamilton  considers  to  be  practi- 
cally circumpolar  species,  or  at  least  not  imported.  Fauvel ,  in  his 
remarks  and  additions  to  Hamilton's  catalogue,  raises  the  number 
of  non- introduced  or  circumpolar  species  to  366,  leaving  125  as 
imported,  of  which  only  twenty-eight  appear  to  have  been  imported 
from  temperate  Europe,  the  rest  being  cosmopolites  or  subcosmop- 
olites.  Of  the  latter  class  he  thinks  that  fifty-nine  originally 
came  from  the  temperate  Europeo- Siberian  fauna,  ten  fiom  the 
Oriental  fauna,  fifteen  from  the  Ethiopian,  four  from  the  Neo- 
tropical, seven  being  uncertain  and  two  unknown.^ 

1  The  spread  of  European  species  In  Australia  has  been  explained  by  the  superior 
energy  of  the  younger  races  of  the  Palsearctic  region. 

*  Hamilton  in  his  1894  paper  raioes  the  number  of  Coleoptera  common  to  the  two 
eontlnentfl  to  OM,  making  the  number  of  introduced  species,  216. 
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It  should  be  noted,  however,  that  there  is  grave  room  for  dif- 
ference of  opinion  regarding  a  number  of  the  European  species 
considered  by  him  as  indigenous  to  North  America.  Scolytus 
rugtilo9U8y  Hylastinua  trifolii^  ArUhrenua  scrophtdarioe^  Sitones 
hi8pidiUu8y  Cryptorhynchus  Uipathi^  and  a  number  of  others  wiiich 
might  be  specified,  for  example,  have  undoubtedly  been  imported 
from  Europe  and  were  quite  possibly  originally  imported. 

There  are  obstacles  in  the  way  of  the  establishment  and  spread 
of  species  which  are  imported  quite  by  accident,  which  usually  do 
not  exist  in  the  case  of  the  so-called  commercial  importations.  In 
many  cases,  entering  the  vessel  by  accident,  they  exist  there  as 
single  individuals  and  upon  liberation,  even  should  the  conditions 
be  favorable,  only  gravid  females  could  perpetuate  the  species. 
Then  also  the  majority  of  such  specimens  are  liberated,  upon  the 
unloading  of  the  vessel,  upon  the  wharves.  The  water  front  of 
a  seaport  city  is  not  a  favorable  place  for  the  establishment  of  a 
species  which  feeds  on  living  vegetation.  Frequently,  even  when 
it  is  a  species  well  fitted  for  acclimatization,  it  will  have  to  fly  or 
be  carried  for  miles  inland  before  it  can  find  a  place  possible  for 
the  establishment  of  the  species.  So  it  happens  that  while  foreign 
insects  are  frequently  found  in  living  condition  about  Ihe  wharves 
of  our  larger  seaports  during  the  summer  mouths,  almost  none 
have  succeeded  in  getting  a  foothold  in  the  vicinity.  Mr.  Otto 
Lugger,  when  living  in  Baltimore,  Md.,  made  a  collection  of  many 
species  of  foreign  insects  found  upon  the  wharves,  yet  he  has  re- 
corded the  establishment  of  but  a  single  species,  viz.,  Aphodius 
erraticua^  a  European  dung-beetle,  which  managed  to  get  to  Druid 
Hill  Park  where  it  bred  in  the  dung  of  the  tame  deer,  afterwards 
spreading  into  the  surrounding  country  and  breeding  in  the  dung 
of  sheep  and  other  domestic  animals. 

Practically,  therefore,  after  many  years  of  the  most  active  com- 
merce, the  insect  faunas  of  the  immediate  vicinity  of  ihe  larger 
seaports  like  New  York,  Boston,  Philadelphia  and  Baltimore,  have 
not  been  greatly  changed  by  the  introduction  of  foreign  elements. 

All  of  the  household  insects  and  true  city  insects  are  of  course 
exceptions  to  this  conclusion  and  the  strong  flying,  vigorous,  and 
simple  living  dipterous  insects  —  the  very  ones  most  likely  to  enter 
a  loading  vessel  and  to  escape  on  the  discharge  of  its  cargo  —  will 
hiany  of  them  find  proper  places  for  breeding.  It  is  likely  that  a 
much  larger  proportion  of  the  many  species  of  Diptera  common 


ADDRESS   BT   LBLAMD   O.    HOWARD.  228 

to  Europe  and  North  America  have  been  brought  over  in  this  acci- 
dental manner  than  is  the  case  with  the  Coleoptera. 

But  often  these  purely  accidental  species  are  carried  inland  in 
packing  cases  into  the  cracks  of  which  they  may  have  crawled,  or 
even  in  the  trunks  of  passengers,  and  they  may  then  be  liberated 
in  more  favorable  localities.  For  example,  Mrs.  H.  6.  Hubbard, 
after  spending  the  summer  on  Prince  Edwards  Island,  returned  in 
the  autumn  to  Detroit,  Mich.,  and  in  unpacking  her  trunks  her  hus- 
band found  two  specimens  of  Fhytonomtta  punctcUtut^  a  species  not 
previously  known  to  occur  in  Michigan,  although  found  there  in 
injurious  numbers  a  year  or  so  later.  It  is  altogether  likely  that 
the  imported  elm-leaf  beetle  {Ghlerucella  luteola)^  aii  insect  which 
enters  houses  for  hibernating  purposes,  was  first  brought  to 
America  in  this  manner. 

It  is,  however,  the  accidental  commercial  importations  which  the- 
oretically stand  the  best  chance  of  establishing  themselves,  since, 
in  the  first  place,  they  are  generally  imported  in  or  upon  their  nat- 
ural food.  In  the  second  place,  they  generally  occur  in  consider- 
able numl)ers  instead  of  as  isolated  individuals  as  with  the  more 
purely  accidental  importations ;  and,  in  the  third  place,  they  are 
usually  carried  as  originally  packed,  far  from  the  port  of  entry. 

With  insects  brought  over  on  plants  or  nursery  stock  the  condi- 
tions could  not  well  be  much  more  favorable.  Their  supply  of  food 
is  looked  after  with  care,  the  host  plant  is  soon  put  in  the  ground 
under  the  best  of  surroundings,  and  the  greatest  care  is  taken  of 
the  choice  importation.  Upon  or  in  importations  of  this  kind  are 
carried  Coccidffi  in  all  stages  of  growth  (and  often,  fortunately, 
their  enclosed  parasites),  the  eggs  of  Aphididse,  the  larvae  of  wood- 
boring  Coleoptera,  the  eggs  of  many  other  insects,  the  cocoons  of 
small  Lepidoptera,  and  probably  even  in  rare  cases  the  larvae  of 
Lepidoptera,  since  it  now  seems  likely  that  Euproctis  ckryaarrkcea 
was  imported  into  Massachusetts  on  nursery  stock  in  its  larval 
hibernacula.  The  Coccidae,  however,  are  most  abundantly  carried 
in  this  way.  Under  natural  conditions  these  insects  have  usually 
a  rather  restricted  distribution,  but  by  means  of  this  commercial 
distribution  many  of  them  have  become  of  almost  world-wide 
range,  and  the  end  will  certainly  not  be  reached  until  every  country 
possesses  every  species  of  scale  insect  which  can  possibly  live  in 
its  dunate.  A  few  instances  drawn  from  a  recent  paper  by  Mr. 
Cockerell  will  illustrate  this  fact : 
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Diaspis  amygdcdi^  or  lanatiis^  was  described  from  Australia  m 
1889.  To-day  we  know  it  from  Australia,  Ceylon,  Hong  Kong, 
Japan,  several  localities  in  the  United  States,  Jamaica,  San  Do- 
mingo, Grand  Cayman,  Barbadoes,  Martinique,  Trinidad  and  Cape 
Colony. 

Atddcaspis  rosce  was  described  from  Europe,  but  is  now  found 
also  in  the  United  States,  Australia,  New  Zealand,  the  Sandwich 
Islands,  China  and  Jamaica. 

Chionaapis  citri  was  descinbed  from  Louisiana  and  Cuba  in  1888 
and  is  now  known  from  Trinidad,  Antigua,  Demarara,  Bermuda, 
Mexico,  Tonga,  New  Zealand  and  Australia. 

Howardia  biclavia  was  described  in  1888  from  specimens  on  hot- 
house plants  in  Washington,  D.  C.  Now  it  is  known  out-of-doors 
from  Trinidad,  Mexico,  Tahiti,  Sandwich  Islands  and  Ceylon. 

Leca7iium  olecB.  is  found  in  Europe,  the  United  States,  the  West 
Indies,  Mexico,  Sandwich  Islands,  New  Zealand,  Australia  and 
Cape  Colony. 

The  hymenopterous  parasites  of  the  Coccidae,  by  virtue  of  their 
mode  of  life,  have  spread  almost  equally  with  their  hosts  by  means 
of  this  commercial  transportation.  I  have  been  able  to  show  re- 
cently that  by  this  means  a  number  of  species  of  the  Chalcidid  sub- 
families Aphelininae  and  Encyrtinae  have  in  comparatively  recent 
years  become  cosmopolites.     For  example : 

Aspidiotiphagus  citrinua,  originally  described  from  California  in 
1891,  is  now  found  in  many  other  portions  of  the  United  States, 
in  the  West  Indies,  Italy,  Austria,  Ceylon,  China,  Formosa,  Japan, 
Cape  Colony,  Queensland,  South  Australia  and  Hawaii.  Practi- 
cally the  same  remarkable  distribution  is  followed  by  ProspaUa 
aurantii^  Aphelinus  mytilaspidisy  A,  diaspidis  and  A,  fuacipennis; 
while  the  remarkable  and  system- breaking  Encyrtine,  Arrheno- 
pkagus  chionaspidis,  described  by  Aurivillius  from  Swedish  speci- 
mens in  1888,  has  since  been  found  in  Austria,  Italy,  several 
portions  of  the  United  States,  Ceylon,  Japan,  Formosa  and  China. 

Only  second  to  the  Coccidse  in  the  facility  with  which  they  are 
transported  in  this  way  are  the  Aphididse.  These  insects,  however, 
are  fragile,  soft-bodied  and  unprotected.  They  are  really  carried, 
however,  in  the  winter-egg  condition  and  many  species  are  rapidly 
becoming  cosmopolitan.  They  have  not  been  studied  elsewhere 
than  in  Europe  and  the  United  States  and  the  extent  to  which  this 
commercial  distribution  has  been  carried  can  only  be  surmised.    A 
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suggestion  of  this  extent  occurred  to  me  when,  within  the  past 
few  weeks,  specimens  of  Aphelinns  mcUi,  a  common  parasite  of 
Aphididse  in  Europe  and  North  America,  were  received  from  such 
a  comparatively  out-of-the-way  corner  of  the  world  as  Passaroean, 
Java. 

Other  still  smaller  and  still  less  studied  insects  are  undoubtedly 
carried  by  this  method  of  transportation,  as  the  recently  discovered 
identity  of  certain  North  American  Thysanoptera  with  those  of 
Sweden  and  Russia  would  seem  to  show.  The  small  plant-feeding 
mites  of  the  family  Phytoptidae  are  particularly  subject  to  this  form 
of  commercial  distribution  and  when  they  are  fully  studied  it  will 
doubtless  be  found  that  many  forms  have  become  subcosmopolitan. 

Of  larger  insects,  nearly  all  of  the  wood- boring  beetles  common 
to  Europe  and  the  United  States  have  probably  been  brought  over 
in  this  way.  Zeuzera  pynna^  the  large  wood-boring  cossid  moth, 
also  probably  came  over  on  living  plants  and,  as  I  have  just  stated, 
the  newly  imported  brown -tail  moth,  Euproctis  chrysarrJioea,  was 
probably  imported  at  Boston  witli  nursery  stock. 

Careful  observations  on  the  insects  transported  with  this  class  of 
merchandise  have  never  been  made,  except  possibly  at  the  port  of 
San  Francisco.  At  this  port  the  State  Board  of  Horticulture  has 
established  under  State  laws  a  quarantine  for  all  incoming  plants 
and  fruit.  The  entomologist  and  quarantine  officer,  Mr.  Alexan- 
der Craw,  has  entire  jurisdiction  over  such  articles  consigned  to 
points  within  the  State,  and  examines,  destroys  and  fumigates,  at 
his  discretion.  He  has  not,  however,  in  his  reports,  given  us  com- 
plete lists  of  the  insects  collected  in  this  work,  although  I  under- 
stand from  persons  who  have  visited  his  office  that  he  has  pre- 
served collections  of  the  more  important  species  from  an  economic 
standpoint.  The  vessels  examined  have,  almost  without  exception, 
come  from  Paci6c  ports  and  the  difficulty  of  naming  insect  mate- 
rial thu8  received  would  be  very  great.  It  is  this  fact  which  has 
probably  hitherto  prevented  the  publication  of  a  general  list.  A 
list  of  the  scale  insects,  however,  has  been  published.* 

Between  July  2,  1894,  and  August  29,  1896,  Mr.  Craw  inspected 
two  hundred  and  thirty- two  vessels  carrying  plants  or  other  arti- 
cles liable  to  be  infested  with  living  insects,  and  consigned  to  Cal- 
ifornia individuals  or  firms.  One  hundred  and  twenly-two  lots  he 
found  clean  and  passed ;  forty  lots  he  admitted  after  fumigation  ; 

1  Bull.  4.  Tech.Scr.  Dlv.  Bntom.  U.  8.  Dept.  A^ic.  189.i,  pp.  40-41. 
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twenty  lots  he  destroyed,  and  seventy-eight  lots  he  destroyed  in 
part.  One  lot,  consisting  of  one  thousand  boxes  of  apples,  he 
sent  back  on  the  refusal  of  the  owner  to  allow  them  to  be  fumi- 
gated. 

Living  plants  and  nursery  stock  afiford  then,  perhaps,  the  most 
certain  means  for  the  accidental  transmission  and  subsequent  es- 
tablishment of  many  kinds  of  insects.  Commerce  in  objects  of 
this  class  is  rapidly  increasing  and  has  already  assumed  consider- 
able proportions,  the  imports  into  the  United  States  alone  in  the 
fiscal  year,  ending  June  30,  1896,  having  reached  a  value  of  nearly 
$1,000,000,  while  the  previous  year  they  amounted  to  something 
over  $600,000. 

No  great  elaboration  will  be  needed  concerning  the  importation 
of  foreign  insects  upon  fruits,  fresh  and  dry,  other  dry  food-stuffs, 
cloths,  lumber,  or  domestic  animals.  Fruits  were  impoited  into 
the  United  States  in  the  fiscal  year  1895-6  to  the  value  of  nearly 
$20,000,000,  and  unquestionably  upon  imported  fruits  are  carried 
many  insects.  The  opportunities  for  the  establishment  of  species 
coming  w^ith  fresh  fruits,  however,  are  obviously  slight  as  compared 
with  those  which  come  on  living  plants  or  in  dried  food-stuffs ;  and, 
as  a  matter  of  fact,  it  appears  that  already  nearly  all  of  the  dried 
food-insects  have  become  cosmopolitan.  The  same  may  be  said 
of  the  insects  which  affect  domestic  animals.  The  forms  which 
are  truly  parasitic  in  the  larval  stage  have  most  of  them  been  car- 
ried everywhere,  while  the  other  forms,  which  attack  domestic  an- 
imals only  as  adults,  have  some  of  them  been  carried  far  and  wide. 
As  an  example  we  may  recall  the  European  HcemcUobia  serrata 
which  was  brought  to  New  Jersey  probably  in  1886,  and  which  has 
spread  over  the  entire  country  from  Maine  to  California. 

The  fact  that  insects  may  be  and  doubtless  are  transmitted  in 
the  material  used  in  packing  heavy  or  delicate  merchandise  must 
not  be  overlooked.  We  have  already  shown  that  dangerous  weeds 
have  been  transmitted  in  this  way,  and  when  the  material  is  hay  or 
straw  the  danger  of  importing  certain  injurious  insects  becomes 
great.  Cecidomyia  destructor^  the  well-known  Hessian  fly,  is  sup- 
posed to  have  been  first  brought  to  the  United  States  from  Europe 
in  straw  bedding  on  troop  vessels  during  the  War  of  the  Revolu- 
tion, and  to  have  recently  been  carried  from  Europe  to  New  Zea- 
land in  the  straw  packing  of  merchandise.  Laws  recently  proposed 
in  New  Zealand,  Australia  and  Cape  Colony,  provide  that  such 
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straw  or  hay  packing  shall  be  bunsed  immediately  the  case  is  opened. 
Dr.  H.  Loew,  in  his  well-known  paper,  Ueber  die  Diptern-fauna 
des  Bernsteins,  has  shown  that  several  of  the  species  of  the  gen- 
era Oscinis  and  Chlorops  have  gained  a  wide  distribution  through 
oommerce,  and  this  probably  happened  through  their  occurrence  in 
hay  or  straw  used  as  packing  since  they  live  in  the  stems  of  grains 
and  grasses.  Dr.  Loew,  by  the  way,  considered  the  Diptera,  by 
virtue  of  the  simple  conditions  required  for  their  existence,  to  be 
peculiarly  susceptible  to  commercial  and  accidental  distribution  and 
was  inclined  to  believe  that  the  majority  of  the  many  species  com- 
mon to  Europe  and  North  America  have  been  imported  into  the 
latter  country.  He  understood,  however,  the  existence,  of  a  cir- 
cnmpolar  fauna  and  wrote  wisely  and  learnedly  about  the  common 
ancestry  of  what  he  called  analogous  species.  Whatever  may  be 
the  cause,  the  Diptera  seem  fitted  in  the  individual  to  withstand 
widely  differing  environmental  conditions.  The  group  as  a  whole 
has  apparently  little  fanuistic  value  either  along  broad  lines  or  in 
a  more  restricted  way.  There  are  comparatively  fewer  character- 
istic genera  in  the  main  faunal  regions  of  the  world  than  in  other 
groups  of  animals,  and  in  our  own  country  there  are  comparatively 
few  species  of  restricted  distribution.  Very  many  individual  spe- 
cies range  through  the  Lower  and  Upper  Austral,  through  the  Tran- 
sition and  intf>  the  Boreal  regions. 

Aside  from  the  Diptera,  grains  and  grasses  all  over  the  world 
are  subject  to  the  attacks  of  a  host  of  insects  of  all  kinds,  many  of 
which  hibernate  on  or  within  the  stems^  so  that  the  proposed  legal 
provisions  of  the  English  Colonies  mentioned  are  by  no  means 
unwise.  The  substitution  of  the  wood  material  known  as  *'  excel- 
sior, "  the  use  of  which  is  becoming  so  common  in  this  country,  or 
of  some  other  packing  material,  will  shoilly  do  away  with  a  large 
share  of  this  danger. 

There  are,  of  course,  other  less  important  methods  by  which  in- 
sects may  be  transported,  such  as  in  earth  or  damp  moss  about  the 
roots  of  plants  and  in  sand  used  for  ballast.  These  methods,  how- 
ever, are  not  very  important  as  a  rule,  although  it  is  stated  that  the 
destructive  chigoe  {Sarcopsylla  penetrans)  was  carried  in  ballast 
in  1872  on  a  vessel  from  Rio  Janeiro  to  the  coast  of  Guinea,  where 
it  has  established  itself  most  perfectly,  having  been  found  two  hun- 
dred miles  inland  by  Stanley. * 

1  Die  TTmprhmi,  July  17,  1897,  p.  928. 
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There  remains  one  more  source  of  accidental  introductions  and  it 
is  one  which  has  been  reasonably  prolific  as  regards  insects  on  sev- 
eral occasions.  I  refer  to  international  expositions  which  ai-e  now 
becoming  of  almost  annual  occurrence.  At  the  Centennial  Expo- 
sition at  Philadelphia  in  1876  the  insects  occurring  in  the  exhibits, 
especially  of  foreign  grains,  received  some  study  by  Dr.  Riley  who 
published  a  short  note  in  the  Proceedings  of  the  St.  Louis  Academy 
of  Science  for  October  2,  1876.  A  special  committee  of  the  Phil- 
adelphia Academy,  consisting  of  Drs.  Horn,  Leidy  and  Le  Conte 
also  prepared  and  published  a  report  at  this  time,  but  none  bat 
well  known  and  cosmopolitan  forms  were  found.  I  am  not  famil- 
iar with  the  results  of  any  studies  of  a  similar  nature  made  at  the 
Paris  Exposition  Univei^elle  of  1889,  but  have  seeu  the  title  of  a 
paper  by  M.  Decaux  which  reads  '*  Etudes  sur  les  insectes  nuisi- 
bles  receuillis  a  TExposition  Universelle,'*  Paris,  1890,  which  how- 
ever I  have  not  been  able  to  consult. 

In  1893,  careful  obser^'ations  were  made  at  the  World's  Fair  at 
Chicago  by  Mr.  F.  H.  Chittenden,  the  results  of  which  were 
published  by  Dr.  Riley  in  Volume  VI  of  Insect  Life.  Insects  to 
the  number  of  one  hundred  and  one  species  were  found  in  grain 
and  other  stored  vegetable  products.  Seven  species  were  found 
affecting  animal  products  and  thirteen  wood-feeding  species  were 
found  in  the  forestry  building.  The  interesting  and  significant 
fact  is  mentioned  in  this  article  that  there  was  an  exchange  of  seed 
sampler  between  the  representatives  of  different  countries  which 
would  of  course  greatly  facilitate  the  spread  of  seed-inhabiting 
insects,  and  it  was  further  shown  that  thousands  of  samples  were 
taken  away  from  open  bags  by  visitors  from  all  parts  of  this  coun- 
try and  probably  from  other  parts  of  the  world.  Moreover,  at  the 
close  of  the  Exposition  the  sheaves  of  cereals  used  in  the  decora- 
tions were  taken  away  by  armsful  by  visitors.  After  summarizing 
the  habits  and  countries  of  origin  of  the  different  species,  however, 
Dr.  Riley  expressed  the  opinion  that  no  dangerous  importations 
were  made  at  this  time.  It  seems  altogether  likely,  however,  that 
Phyllotreta  armoraciop^  a  European  species  which  has  established 
itself  in  northern  Illinois,  Iowa  and  Wisconsin  since  1898,  and 
which  was  found  by  Mr.  Chittenden  in  that  year  in  vacant  lots  near 
the  Exposition  Grounds,  was  an  Exposition  importation.  More- 
over an  interesting  Calandrid  of  the  genus  Tranes,  the  species  of 
whicli  are  all  Australian,  has  established  itself  injuriously  in  green- 
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houses  in  St.  Louis  as  the  result  of  the  introduction  of  two  plants 
of  Zamia  spiralis  which  were  bought  at  the  World's  Fair.  With 
these  instances  in  mind  we  cannot  but  admit  that  other  species 
heretofore  overlooked  probably  escaped  and  have  become  acclima- 
tized as  the  result  of  this  Exposition,  and  that  such  occasions,  oc- 
curring as  they  do  more  and  more  frequently  and  drawing  constantly 
increasing  material  from  all  parts  of  the  world  will,  unless  pre- 
cautionary measures  are  instituted,  afiford  more  and  more  frequent 
opportunities  of  a  very  favorable  kind  for  the  spread  of  injurious 
species.^ 

We  have  thus  seen  how  great  the  opportunities  are  under  our 
modern  conditions  for  the  transportation,  in  proper  condition  for 
establishment,  of  insects  of  many  groups ;  and  from  this  point  of 
view  it  seems  strange,  in  view  of  the  very  numerous  importations, 
that  more  species  do  not  become  acclimatized  even  in  North  Amer- 
ica where  perhaps  we  reach  the  greatest  possibilities  in  this  direc- 
tion. Our  most  intimate  commercial  relations  are  with  the  great 
faunal  region  most  like  our  own,  and  these  relations  are  rapidly 
growing  both  with  Europe  on  the  east  and  with  Asia  on  the  west, 
although  our  Asiatic  importations  are  more  abundant  from  the 
Oriental  region  than  the  Palsearclic,  and  from  the  Oriental  we  are 
not  so  likely  to  receive  species  which  will  acclimatize  themselves. 
We  have  already  pointed  out  that  the  faunistic  relations  with  the 
Coleoptera  (and  undoubtedly  with  other  groups)  are  least  marked 
between  the  north  temperate  and  south  temperate  regions  and  this 
distinction  is  never  likely  to  be  disturbed  by  imported  species  on 
account  of  the  diametrically  opposite  seasons.  A  species  starting 
from  Argentina  in  the  height  of  summer  will  reach  the  United  States 
in  the  dead  of  winter  at  a  time  least  likely  to  favor  its  acclimati- 
zation. This  point  was  first  suggested  by  my  colleague,  Mr.  E. 
A.  Schwarz,  in  his  paper  entitled  "The  Coleoptera  common  to 
North  America  and  other  Countries  "  (Proc.  Entom.  Soc.  Wash. 
I,  182-194). 

It  appears  from  what  we  have  shown  that  very  many  species  are 
constantly  being  imported  which  do  not  become  acclimatized. 
Many  of  the  European  species  which  we  should  most  expect  to 

>  During  the  later  months  of  the  Chicago  World's  Fair  precautionary  measured  were 
liistltated  under  Mr.  Chittenden's  supervision.  Much  dry  food  material  was  fumi- 
gated with  bisulphide  of  carbon,  and  many  samples  which  were  very  badly  infested, 
were  burtied.  At  least  four  new  and  dangerous  species  of  insects  were  destroyed 
in  this  way. 
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take  hold  in  this  country  have  not  done  so,  while  with  others  it  is 
the  unexpected  which  has  happened.  As  Osten  Sacken  says,  speak- 
ing of  the  Diptera,  "Importation  will  not  occur  for  centuries  in 
cases  where  it  might  be  expected  from  day  to  day ;  and  again,  it 
wiW  sometimes  take  place  under  circumstances  most  improbable, 
and,  a  priori^  impossible  to  foresee"  (Proc.  Entom.  Soc.  Lond., 
1884,  p.  489).  Why  should  the  well-known  JVem  rapce  have  made 
its  appearance  in  this  country  and  spread  far  and  wide,  while  the 
equally  common  and  injurious  Pieris  brdsmcce  and  P.  jiapi  have 
never  been  found  here?  Why  should  Pkytonomits  punctat^is  have 
flourished  with  us  when  it  is  hardly  known  as  a  clover  enemy  m 
Europe,  and  when  the  congeneric  Phytonomus  mdes  of  Europe 
has  never  been  found  here?  Why  should  Coleophora  laricella  have 
established  itself  here  and  none  of  the  other  European  Coleophoras 
(some  of  them  of  much  greater  distribution,  and  hibernating  in 
cases  of  protective  coloration  and  shape  and  attached  to  plants) 
have  acclimatized  themselves  amongst  us  ?  Why  should  CcUUphora 
erythrocepJicUaj  Cyrtaneura  sta^ulans  and  Stomoxys  ccUcUraiis  have 
been  brought  over  at  an  early  date  and  flourished  to  excess  in 
America  and  many  other  countries,  while  Sarcopfiaga  caiifutria  is 
unknown  in  any  of  them? 

Mr.  Schwarz  has  phrased  it :  ''  We  stand  here  before  some  great 
unknown  factor,  viz.,  the  individual  character  and  inmost  nature 
of  the  species  which  governs  the  introduction  or  non-introduction 
of  each  species  —  a  factor  which  is  variable  according  to  each  spe- 
cies ..."  But  there  is  no  reason  why  a  mystery  need  be  made 
of  this  condition.  In  a  word,  it  is  the  capacity  of  the  individual 
species  to  accommodate  itself  to  a  more  or  less  novel  environment. 
Nowhere  in  the  whole  animal  kingdom  do  we  find  the  natural  envi- 
ronment more  complicated  than  with  insects.  Conditions  are  fre- 
quently dependent  upon  conditions  in  an  almost  endless  chain. 
The  phenomena  of  fatal  parasitism  are  of  vital  importance  as  de 
termiiiing  the  abundance  of  the  species  and  are  curiously  compli- 
cated. I  have  recently  proven  the  existence  of  several  fatal 
tertiary  parasitei^  and  the  probable  existence  of  quaternary  para- 
sites with  Orgyia  leucostigma  in  Washington.  Upon  the  condition 
of  this  chain  of  interdependencies  rests  the  welfare  of  the  primary 
host.  If  adverse  conditions  affect  the  quaternary  parasite,  the 
primary  host  suffers,  for  the  tertiary  parasites  increase  and  kill  off 
the  secondary  parasites,  allowing  an  increase  of  the  primary  para* 
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Bites  which  kill  off  the  Orgyia.  The  famous  instance  of  Darwin, 
in  which  he  showed  that  in  a  measure  cats  are  responsible  for  the 
production  of  clover  seed  in  England  through  the  interrelatiouH  of 
cats,  field  mice  and  bumble-bees,  is  paralleled  and  outdone  again 
and  again  among  insects.  Further,  in  no  group  of  animals  are  the 
characteristics  termed  special  protective  resemblance  and  special 
aggressive  resemblance,  to  say  nothing  of  protective  and  aggres- 
sive mimicry,  so  well  marked  and  so  important  in  the  life  of  the 
species  as  with  the  insects.  It  is  upon  the  degree  of  simplicity  of 
its  life  —  tJie  degree  of  simplicity  of  its  itorinal  envirouTnent  as  a 
whole  —  that  the  capacity  of  a  species  for  transportation  and  ac- 
cUmatizationy  even  into  a  parallel  life  zone,  depends. 

Nevertheless  I  am  fully  convinced  that  very  many  more  species 
will  stand  transportation  from  the  Palsearctii;  to  the  Nearctic,  from 
the  Australian  to  the  Oriental  and  the  Neotroi)ical  regions  than 
would  be  supposed  from  a  consideration  of  these  points  and  from 
a  knowledge  of  the  comparatively  few  forms  which  have  as  yet 
been  transported  and  acclimatized.  Aside  from  the  forms  brought 
in  with  their  food  and  thus  under  the  most  favorable  conditions 
for  establishment,  it  is  only  by  a  lucky  chance,  with  the  average 
accidental  insect  immigrant,  that  it  finds  conditions  for  reproduc- 
tion —  a  chance  which  may  not  occur  once  in  very  many  times. 
Osten  Sacken  has  pointed  out  that  Eristalis  tenax  must  have  been 
brought  here  many  times  during  four  hundred  years  before  it  suc- 
ceeded in  establishing  itself.  Undoubtedly  many  of  these  inimi 
grants  die  upon  our  whar\'es  when  a  lucky  chance,  like  crawling 
upon  the  clothes  of  a  person  and  thus  being  carried  out  into  the 
country,  might  have  resulted  in  the  establishment  of  the  species. 
Given  the  m^st  favorable  conditions  and  many  species  will  be  able 
not  only  to  accommodate  themselves  to  a  new  environment,  but 
certain  of  them  will  thrive  better  in  the  new  than  in  the  old.  The 
effort  to  transport  beneficial  species  from  the  Australian  region 
and  acclimatize  them  in  the  Nearctic  region  seemed  a  rash  and 
unprofitable  experiment  on  its  face,  and  I  confess  that  I  for  one 
had  little  hope  of  its  success,  yet  it  was  successful  with  several 
species,  and  transcendently  successful  with  one. 

Much  has  been  wi'itten  of  late  about  the  success  of  the  work  in 
the  introduction  of  beneficial  insects  by  Mr.  Albert  Koebele  into 
Hawaii  under  the  auspices  of  the  Hawaiian  Government.  Some 
of  the  introductions  seem  without  doubt  to  have  been  strikingly 
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successful.  Mr.  R.  £.  C.  Perkins  has  reported  at  some  length 
upon  this  success,  1  and  in  commenting  upon  its  reasons  says : — 

*'  It  becomes  natural  to  ask  why  the  success  of  the  imported 
beneficial  insects  has  been  so  pronounced  here,  while  in  other  coun- 
tries it  has  been  attained  in  a  comparatively  small  measure.  The 
reason,  I  think,  is  sufficiently  obvious.  The  same  causes  which 
have  led  to  the  rapid  spread  and  excessive  multiplication  of  in- 
jurious introductions,  have  operated  equally  on  the  beneficial  ones 
that  prey  upon  them.  The  remote  position  of  the  islands,  and  the 
consequently  limited  fauna,  giving  free  scope  for  increase  to  new 
arrivals,  the  general  absence  of  creatures  injurious  to  the  intro- 
duced beneficial  species,  and  the  equability  of  the  climate,  allowing 
of  almost  continual  breeding,  may  well  afford  results  which  could 
hardly  be  attained  elsewhere  on  the  globe  The  keen  struggle  for 
existence  of  continental  lands  is  comparatively  non-existent,  and, 
so  far  as  it  exists,  is  rather  brought  about  by  the  introduced 
fauna  than  by  the  native  one." 

Mr.  Perkins'  reasons  are  all  good,  but  he  has  not  mentioned 
one  prime  reason  of  success,  and  that  is  that  the  most  successful 
of  the  imported  species  have  come  from  another  portion  of  the  same 
great  faunal  region;  while  others  have  been  received  from  the 
region  most  closely  allied,  viz.,  the  Oriental. 

Wallace  took  the  view  that  the  effectual  migration  of  insects  is 
perhaps,  more  than  with  any  other  class  of  animals,  limited  by 
organic  and  physical  conditions.  '^  The  vegetation,"  he  says,  '^  the 
soil,  the  temperature,  and  the  supply  of  moisture,  must  all  be  suited 
to  their  habits  and  economy;  while  they  require  an  immunity 
from  enemies  of  various  kinds,  which  immigrants  to  a  new  country 
seldom  obtain." 

There  is  much  truth  in  this  statement,  but  it  must  be  remarked 
that,  in  practical  experience,  immunity  from  enemies  of  various 
kinds  is  what  insect  immigrants  find,  not  what  they  leave  behind 
them.  It  takes  some  time  before  they  weave  into  a  new  chain  of 
organism  preying  upon  organism.  Our  insect  importations  from 
abroad  when  they  are  of  economic  importance,  and  those  from 
Europe,  are  very  likely  to  be  of  such  importance,  leave  their  old 
insect  enemies  behind  thetu  and  frequently  are  not  readily  attacked 
by  native  ones.  These  last  accommodate  themselves  to  the  new 
comer  in  time,  but  for  a  while  he  enjoys  comparative  immunity. 

»  Nature,  Vol.  56,  Xo.  1430,  March  25, 18»7. 
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The  rapid  multiplication  and  spread  of  Pieris  rapce^  of  Hoematobia 
serrata^  of  Phytonomus  punctatus^  of  Porthetria  dispaVy  of  AntJu}- 
nonms  grandia ,  of  leery  a  purckam^  and  many  others  may  probably 
be  principally  laid  to  this  cause. 

I  should  be  remiss  did  I  not  refer  to  another  aspect  of  the  acci- 
dental introduction  of  species,  viz.,  that  it  not  only  adds  species  to 
a  native  fauna,  but  also  that  it  often  causes  the  disappearance  of 
native  forms.  Since  the  establishment  within  our  boundaries  of 
Pieris  rapce,  our  native  Po7Uia  olercLcea  has  almost  entirely  disap- 
peared in  localities  in  which  it  formerly  abounded  and  in  some  sec- 
tions has  entirely  disappeared.  Since  DorypkoralO-lineata  csune  east 
and  multiplied  upon  the  cultivated  potato  in  such  prodigious  num- 
bers, the  formerly  common  eastern  Doryphora  juncta  has  become 
a  rare  species.  Walsh  pointed  out  thirty  years  ago  that  one  effect 
of  the  westward  spread  of  the  European  Mytilaspis  pomorum  was 
to  cause  the  gradual  local  disappearance  of  the  native  Chionaspia 
furfurvs.  Hubbard  has  shown  that  the  increase  of  the  imported 
Mytilaspis  citricola  in  Florida  was  followed  by  the  decrease  of  My- 
tUcupia  gloverii^  which,  though  not  native,  was  an  earlier  importa- 
tion, —  a  most  interesting  and,  so  far  as  records  go,  unique  case. 
Instances  might  be  multiplied  which  will  show  that  the  establish- 
ment of  foreign  species  thus  often  produces  at  least  a  dual  efTect  on 
the  character  of  the  fauna  as  a  whole. 

In  closing  it  will  not  be  inappropriate  to  point  out  that  the  ac- 
cidental importation  of  species  is  only  one  of  the  ways  in  which 
the  agency  of  man  is  altering  the  character  of  native  faunas,  and 
that  in  spite  of  its  extent  it  is  really  the  least  of  the  ways.  The 
influence  of  civilization  is  immediately  destructive  to  natural  floras 
and  faunas.  It  is  already  too  late  to  gain  an  adequate  idea  of  nat- 
ural conditions  in  even  recently  settled  portions  of  the  globe. 
Wallace  has  dwelt  upon  the  comparatively  scanty  and  unimpor- 
tant results  to  Natural  History  of  most  of  the  great  scientific  voy- 
ages of  the  various  civilized  governments  during  the  present 
century  from  which  it  has  resulted  ''  that  the  productions  of  some 
of  the  most  frequently  visited  and  most  interesting  islands  on  the 
globe  are  still  very  impei*fectly  known,  while  their  native  plants  and 
animals  are  being  yearly  exterminated.  .  .  .  Such  are  the 
Sandwich  islands,  Tahiti,  the  Marquesas,  the  Philippine  Islands, 
and  a  host  of  smaller  ones ;  while  Bourbon  and  Mauritius,  St.  He- 
lena and  several  others  have  only  been  adequately  explored  after  an 
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important  portion  of  their  productions  has  been  destroyed  by  culti- 
vation or  the  reckless  introduction  of  goats  and  pigs"  (Island  Life, 
p.  7). 

Elsewhere  he  shows  that  the  introduction  of  goats  into  St.  He- 
lena utterly  destroyed  a  whole  flora  of  forest  trees  ;  and  with  them 
all  the  insects,  mollusca  and  perhaps  birds  dependent  upon  them. 
And  further,  that  '^  cattle  will,  in  many  districts,  wholly  prevent 
the  growth  of  trees ;  and  with  the  trees  the  numerous  insects  de- 
pendent on  those  trees,  and  the  birds  which  feed  upon  the  insects, 
must  disappear  as  well  as  the  small  mammalia  which  feed  on  the 
fruits,  seeds,  leaves  or  roots/'  Many  local  American  instances 
have  been  brought  together,  by  Mr.  F.  M.  Webster,  in  an  important 
paper  entitled  ^^  Biological  effects  of  civilization  on  the  insect  fauna 
of  Ohio/'  which  comes  to  me  as  I  write  these  closing  lines. 

But  the  purpose  of  this  address  has  been  to  dwell  solely  upon 
the  question  of  the  spread  of  species  and  I  must  not  touch  upon 
other  topics  however  closely  akin. 

It  seems  to  me  that  the  practical  point  to  which  we  must  come, 
after  summarizing  all  that  has  been  shown,  is  that  since  so  many 
species  have  been  imported  by  pure  accident  and  have  acclimatized 
themselves,  may  not  much  be  accomplished  by  wisely  planned  and 
carefully  guarded  introductions.  The  somewhat  haphazard,  but 
none  the  less  important  and  skillful  work  of  Albert  Koebele,  first 
for  the  United  States  Government,  and  now  for  the  Hawaiian 
Government,  is  certainly  an  indication,  taken  in  connection  with 
what  we  have  shown,  that  thorough  experimental  work  with  preda- 
ceous  and  parasitic  insects  promises,  in  especial  cases,  results  of 
possibly  very  great  value. 

We  wish  no  more  destnictive  birds  like  the  English  sparrow  : 
we  have  no  desire  to  make  an  American  resident  of  the  Indian 
mungoos,  nor  have  we  any  desire  to  import  the  Australian  flying 
fox  as  a  pet.  Still  less  do  we  desire  to  allow  any  more  European 
plants  to  escape  from  cultivation  and  emulate  the  Russian  thistle. 
But  there  are  many  absolutely  beneficial  insects  of  Palsearctic  re- 
gions which  might  flourish  amongst  us  and  whose  intentional  intro- 
duction could  not  be  harmful  from  any  point  of  view,  while  they 
might  be  of  the  greatest  service. 


PAPERS  READ. 

[abstracts.] 

On  thb  relationships  of  thb  Nkmatognaths.     By  Prof.  Theodore 
G11.L,  Columbian  University,  Washington,  D.  C. 

The  Nematognaths  have  been  considered  by  most  Ichthyologists  to  be 
most  nearly  related  to  the  Ganoids  or  even  associated  with  them  In  the 
same  order.  Their  entire  structure,  however,  Indicates  that  they  are 
most  nearly  related  to  the  Plectospondyls  and  they  may  be  associated  even 
In  the  same  superorder  for  which  the  name  Ostarlophysl  of  Sagenmeh 
may  be  adopted. 


On  a  collection  of  Cephalopoda  fkom  the  Albatross  icxprdition. 
By  Wm.  E.  Hoyle,  Owens  College,  Manchester,  England. 


On  a  Sarcostyles  of  the  Plumularida.    By  Prof.  C.  C.  Nutting, 
State  University  of  luwa,  Iowa  City,  la. 

The  morphology  of  the  sarcostyles  has  been  Investigated  by  various 
writers  from  the  middle  of  the  century  to  the  present.  They  are  com- 
posed of  ectoderm,  endoderm  and,  according  to  most  writers,  a  solid 
axial  rod. 

A  body  cavity  was  described  by  one  of  the  earliest  writers  and  re-de- 
scribed  by  the  present  writer.  The  sarcostyles  are  undoubtedly  degraded 
*•  persons  "  of  the  hydrold  colony. 

The  function  of  these  structures  is  not  well  understood  It  appears  to 
be  partly  defensive,  partly  prehensile  and  partly  offensive  The  function 
of  scavengers  and  digestive  organs  has  also  been  ascribed  to  them. 

(286) 
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Notes  on  the  dbvblopmemt  of  Drastkria  brrchtba.    By  Prof.  F.  M. 
Wrbsfkr,  Wooster,  Ohio. 

The  paper  gi^es  the  resalts  obtained  from  rearing  larFse  from  eggs 
to  adults,  and  shows  the  individual  variation  of  larvae  and  moths  both  in 
habit  and  appearance,  individual  variation  being  the  object  of  the  studies. 


Brood  xvi  of  Cicada  srptbndbgim  in  Ohio.    By  Prof.  F.  M.  Wf38trr, 

Wooster,  Ohio. 

The  paper  deals  with  the  occorrence  of  Brood  xvi  of  Cicada  septende- 
dm  in  Ohio,  in  1897.  The  area  over  which  it  has  been  observed  is  indi- 
cated; the  influence  of  natural  enemies  Is  discussed  and  the  probabilities 
of  its  becoming  extinguished  explained. 


Notes  on  the  embryology  of  thx  pio.    By  Dr.  Charles  Sedgwick 
MiNOT,  Harvard  Medical  School,  Boston,  MtL8», 

(i)  Tfie  hypophysis.  There  is  a  true  infundibular  gland,  which  is 
homologous  with  the  Saccus  vasculosus  of  teleosts,  and  is  identical  in 
form  and  connections  with  the  embryonic  saccus.  The  duct  of  the  gland 
becomes  a  solid  stalk. 

There  is  also  a  true  hypophysis,  which  develops  a  vestibule  and  gland- 
tubes  homologous  with  the  same  parts  throughout  the  vertei)rate  series. 

(2)  The  cardinal  vein.  It  is  a  Mtriklng  peculiarity  of  transverse  sec- 
tions of  pig-embryos  that  In  the  region  of  the  WolfUaii  body  no  distinct 
vein  appears,  corresponding  to  the  cardinal  vein,  usually  found  on  the 
dorsal  side  of  the  Wolffian  body.  This  is  due  to  the  fact  that  in  the  pig 
the  cardinal  vein,  after  entering  the  cephalic  end  of  the  Wolffian  body, 
breaks  Into  a  multlfld  sinus,  in  which  are  lodged  the  Wolffian  tubules. 
Another  peculiarity  of  the  cardinal  vein  Ls  that  it  does  not  join  the  jug- 
ular to  form  the  transverse  Ductus  Cuvieri^  but  joins  instead  the  great 
hepatic  vein  {D%ict%u  arantii)  not  far  from  the  heart. 

(3)  Allantoic  villi.  The  stalk  of  the  Allantois  i>egins  to  form  on  its 
cephalad  side  within  the  abdomen  a  series  of  lobulated  outgrowths  which 
gradually  increase  until  they  occupy  a  relatively  considerable  space  in  the 
abdomen.  These  villi  consist  of  a  cuboldal  mesothellum  covering  a  mass 
of  matricial  or  ground  substance,  In  which  are  scattered  a  few  cells  of 
mesenchymal  clinracter.  The  villi  are  beginning  their  development  in  em- 
bryos of  14.0-17.0  mm.,  and  are  already  reduced  in  embryos  of  24.0  mm. 
The  author  has  no  surmise  to  offer  as  to  their  function.  Nothing  simiUr 
to  them  is  known  in  other  mammals. 


ZOOLOGT.  287 


Harvard  Embrtolooical  Coixbction.    By   Dr.    Charlks   Sedgwick 
MiKOT,  Harvard  Medical  School,  Boston,  Mass. 

TiiR  collection  consists  mainly  of  series  of  sections  of  vertebrate  em- 
bryos. It  is  expected  altimately  to  have  representatives  uf  several  divis- 
ions of  the  Mammalia,  and  of  the  principal  types  of  non-Mammalian 
vertebrates. 

'Vhe  work  of  forming  the  collection  is  going  forward  with  following 
forms: 


Man 

Nectums 

Dog 

Amia 

Pig 

Amiorus 

Rabbit 

Batrachus 

Chick 

Acanthias 

Lacerta 

Torpedo 

Frog 

Petromyzon 

Amblystoma 

Amphioxus 

The  plan  is  to  select  for  each  form  a  carefully  graduated  series  of 
stages,  and  to  make  of  each  stage  three  complete^ series  of  sections  in 
three  planes,  the  transverse,  the  sagittal  and  the  frontal,  or  if  the  embryo 
is  curved  or  twisted  the  three  planes  are  chosen  at  right  angles  to  one 
another.  A  drawing  of  each  stage  is  made.  A  double  catalogue  is  kept; 
the  first  in  book  form  is  ihe  entry-catalogue,  and  recalls  all  details  of  pres- 
ervation, cutting,  staining  and  mounting.  The  series  of  sections  are 
numbered  nccording  to  their  order  of  entry.  The  second  catalogue  is  on 
cards,  whiih  are  arranged  first  according  to  species,  second  under  each 
Mpecies  according  to  stage.  Kvery  series  of  sections  has  a  separate  entry 
number,  and  a  separate  card.  Every  section  is  counted  and  the  sections 
of  every  series  numbered.  At  present  time  there  are  about  one  hundred 
series  completed. 

The  collection  is  intended  primarily  for  investigators,  and  is  open  to  all 
competent  investigators  working  in  the  Embryological  Laboratory.  It  is 
hoped  that  it  will  increase,  during  years  to  come,  in  size  and  stili  more  in 
usefulness.  So  far  as  known  to  the  writer,  it  is  the  first  collection  of  the 
kind  to  be  started. 


Charactbrs  for  distinguishing  the  North  American  spkcies  of 
Cerksa.  By  Wm.  H.  Ashmead,  U.  S.  National  Museum,  Washing- 
ton, D.  C. 

Ak  explanation  of  the  application  of  recently  discovered  morphological 
characters  to  the  classification  of  the  homopterous  genus  Ceresa.  The 
author  points  out  the  fact  that  many  of  the  genera  in  the  Membracidse 
are  merely  dimorphic  forms  of  other  genera. 


238  SECTION   F. 


llBCONSTRUCTION  OP  PMRNACODUS   FRIMMVVB,    THK    MOST    PUIMITIVB  UN- 

OULATB.    By  Prof.  Henry  F.   Obborn,  Colambla  University,  New 
York,  N.  Y. 

This  paper  was  accompanied  by  a  photograph  of  the  remounted  skeleton 
of  FheriBCodus  and  a  wax  model  ezecnted  by  Charles  Knight.  As  origin- 
ally mounted  In  Professor  Cope's  laboratory  the  famous  skeleton  of  Phe- 
nacodus  prinuKvus  conveyed  a  very  Imperfect  impression  of  its  actual  form 
and  proportions.  Several  serious  errors  were  committed  by  the  restorer, 
the  most  important  of  which  was  the  Implanting  of  two  of  the  cervical 
vertebrae  in  the  tall.  The  author,  therefore,  considered  it  advisable  to 
completely  remount  the  animal,  and  this  has  been  done  by  Mr.  Adam  Her- 
mann and  Mr.  Martin  of  the  American  Museum,  at  an  expenditure  of  five 
months*  time. 

The  animal  is  placed  as  nearly  as  possible  in  a  natural  position.  It  shows 
that  the  feet  were  not  plantigrade,  or  soled  upon  the  ground,  but  dlgiti- 
grade  as  in  the  tapir.  The  body  is  characterized  by  the  p:reat  convexity 
of  the  back,  characteristic  of  the  carnivore  and  of  all  early  ungulates. 
A  further  carnivorous  feature  is  the  great  development  of  the  hind 
quarters  and  of  the  tail.  The  disproportion  between  the  hind  and  the 
f  orequarters  is  heightened  by  the  extremely  small  size  of  the  head,  contain- 
ing a  brain  which  was  about  the  size  of  that  of  the  opossum,  as  fully 
described  by  Cope. 


HOMOLOOIBS    AND     NOMKNOLATURK    OF     THE    ELEMENTS     OF     THE     MOLAR 

TEETH.    By  Prof.  Henry  F.   Osborn,   Columbia  University,   New 
York,  N.  Y. 

After  a  brief  review  of  the  tritnbercular  theory  of  Cope,  the  writer 
spoke  of  his  hypothesis  advanced  at  the  American  Association  meeting  in 
1891  that  the  multitubercular  teeth  of  the  Multituberculnta  and  Monotre- 
mata  were  also  of  tritnbercular  origin.  This  hypothesis  seems  now  to  be 
confirmed  by  the  teeth  of  Gomphodontia,  especially  of  the  genus  Diade- 
modon,  by  Professor  Seeley  in  the  Karoo  Beds  of  South  Africa,  of  Permian 
age. 

The  various  Gomphodonts  in  these  beds  present  molar  teeth  of  more  or 
less  regular  tritnbercular  pattern.  Related  to  them  in  skull  structure  is 
Tritylodon,  a  typical  multituberculate.  This  indicates  that  from  the  tritu- 
berculate  Gomphodonts  Tritylodon  and  other  multituberculates  may  have 
taken  their  origin.  The  paper  was  discussed  by  Professor  Minot  and 
Dr.  GIU. 
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Modification  and  variation  and  the  limits  of  organic  srlkction. 
By  Prof.  Hbnry  F.  Osborn,  Columbia  University,  New  York  and 
Prof.  Rdwabd  B.  Poulton,  Oxford  University,  England. 

(Abstract  of  Professor  Osborn^s  paper.) 

Organic  selection  is  the  term  proposed  by  Prof.  Mark  Baldwin  and 
adopted  by  Prof.  0.  Lloyd  Morgan  and  the  author,  for  a  process  in  nature 
which  is  believed  to  be  a  true  cause  of  definite  or  determinate  evolution  in 
certain  stuctures.  The  hypothesis  is  briefly  as  follows :  that  ontogenetic 
adaptation  is  a  very  profound  character.  It  enables  animals  and  plants  to 
survive  very  critical  changes  in  their  environment.  Thus  all  the  individ- 
uals of  a  race  are  similarly  modified  over  such  long  periods  of  time  that 
very  gradually  congenital  or  phylogenetic  variations  which  happen  to 
coincide  with  the  ontogenetic  adaptive  variations,  are  selected.  Thus 
there  would  result  an  apparent,  but  not  real  transmission  of  acquired 
ciiaracters. 

This  hypothesis,  if  it  has  no  limitations,  bringn  about  a  very  unexpected 
harmony  between  the  Lamarckian  and  Darwinian  aspects  of  evolution, 
by  mutual  concessions  upon  the  part  of  the  adherents  of  both  theories. 
While  it  abandons  the  transmission  of  acquired  characters,  it  places  indi- 
vidual adaptation  first,  and  fortuitous  variation  second;  as  Lamarrkians 
have  always  contended,  instead  of  placing  survival  conditioned  by  fortu- 
itous variations  first  and  foremost,  as  selectionists  have  contended. 

This  hypothesis  has  been  endorsed  by  Alfred  Wallace.  It  appears  to 
the  author,  however,  that  it  is  subject  to  limitation t»  and  exceptions  which 
go  far  to  nullify  its  universal  application.  This  is  especially  seen  in  the 
fact  that  the  law  of  Determinate  Variation  is  observed  to  operate  with 
equal  force  In  certain  structures,  such  as  the  teeth,  which  are  not  im- 
proved by  individual  use  or  exercise,  as  strongly  as  in  structures  which  are 
so  improved.  A  very  large  class  of  determinate  variations  in  other 
stationary  characters,  such  as  the  inner  parts  of  the  hkull,  also  remain 
unexplained.  The  author's  studies  of  teeth  in  a  great  many  phyla  of 
Mammalia  in  past  time  have  convinced  him  that  there  are  fundamental 
predispositionH  to  vary  in  certain  directions ;  that  the  evolution  of  the 
teeth  is  marked  out  beforehand  by  hereditary  influences  which  extend 
back  hundreds  of  thousands  of  years.  These  predispositions  are  aroused 
under  certain  exciting  causes  and  the  progress  of  teeth  development  takes 
a  certain  form  converting  luto  actuality  what  has  hitherto  been  potential- 
ity. 

This  paper  was  discussed  by  Dr.  Theodore  Gill  and  Prof.  Edward  D. 
Campbell. 

(Abstract  of  Professor  Poulton's  paper.) 

It  must  be  admitted  that  the  adaptation  of  the  individual  to  its  en- 
▼ironment  during  its  own  lifetime  possesses  all  the  significance  attributed 
to  it  by  Professor  Osborn,  Professor  Baldwin,  and  Professor  Lloyd  Mor- 
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gan.  These  authorities  justly  claim  that  the  power  of  the  individual  to 
play  a  certain  part  in  the  struggle  for  life  may  constantly  give  a  definite 
trend  and  direction  to  evolntion,  and  that  although  the  results  of  a  purely 
individual  response  to  externnl  forces  are  not  hereditary,  yet  indirectly 
they  may  result  in  the  permanent  addition  of  corresponding  ]>ower8  to 
the  species;  —  inasmuch  as  they  may  render  possible  the  operation  of 
natural  selection  in  perpetuating  and  increasing  those  Inherent  hereditary 
variations  which  go  further  in  the  same  direction  than  the  powers  which 
are  confined  to  the  individual. 

Professor  Osborn's  metaphor  in  opening  this  discussion  puts  the  matter 
quite  clearly  and  will  be  at  once  accepted  by  all  Darwinians.  If  the  hu- 
man species  were  led  by  fear  of  enemies  or  want  of  food  to  adopt  an 
arboreal  life,  all  the  powers  of  purely  individual  adaptation  would  be  at 
once  employed  in  this  direction  and  would  produce  considerable  individ- 
ual effects.  In  fact  the  adoption  of  such  a  mode  of  life  would  at  first 
depend  on  the  existence  of  such  powers.  In  this  way  natural  selection 
would  be  compelled  to  act  along  a  certain  path,  and  would  be  given  time 
in  which  to  produce  hereditary  changes  in  the  direction  of  fitness  for 
arboreal  life.  These  changes  would  probably  at  first  be  chiefly  functional, 
as  Mr.  Cunningham  has  argued  (in  the  Preface  to  his  Translation  of 
Elmer).  On  these  principles  we  can  understand  the  arboreal  kangaroo 
(Dendrolagus)  found  in  certain  islands  of  the  Malay  Archipelago,  which 
is  apparently  but  slightly  altered  from  the  terrestrial  forms  found  in  Ans- 
tralia.  Professor  Osborn  has  alluded  to  the  arboreal  habits  said  to  have 
been  recently  acquired  by  Australian  rabbits ;  these  and  the  similar  modi- 
fication in  habits  of  West  Indian  rats,  are  further  examples  of  individual 
adaptive  modification  which  may  well  become  the  starting  point  (in  the 
sense  applied  above)  of  specific  variation  led  by  natural  selection  in  the 
definite  direction  of  more  and  more  complete  adjustment  to  the  necessi- 
ties of  arboreal  life.  Although  this  conclusion  seems  to  roe  to  be  clear 
and  sound,  and  the  principles  involved  a  substantial  gain  in  the  attempt 
to  understand  the  motive  forces  by  which  the  great  process  of  organic 
evolution  has  been  brought  about,  I  cannot  admit  that  the  importance 
of  natural  selection  is  in  any  way  diminished.  I  do  not  believe  that  these 
important  principles  form  any  real  compromise  between  the  I^marckian 
and  Darwinian  positions,  in  the  sense  of  an  equal  surrender  on  either  side, 
and  the  adoption  of  an  intermediate  position.  The  surrender  of  the 
Lamarclcian  position  seems  to  me  complete,  while  the  considerations  now 
advanced  only  confer  added  significance  and  strength  to  the  Darwinian 
standpoint. 

I  propose  to  devote  the  remainder  of  the  time  at  my  disposal  in  support 
of  the  conclusion  that  the  power  of  individual  adaptation  possessed  by 
the  organism  forms  one  of  the  highest  achievements  of  natural  selection 
and  cannot  in  any  true  sense  be  considered  as  its  substitute.  Professor 
Baldwin  and  Prof.  Lloyd  Morgan  thoroughly  agree  with  this  conclusion 
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and  have  enforced  It  in  their  writings  on  the  subject  of  organic  selection. 
The  contention  here  nrged  is  that  natural  selection  works  upon  the  highest 
organisms  in  such  a  way  that  they  hare  become  modiflablef  and  that  this 
power  of  purely  Individual  adaptability  in  fact  acts  as  the  nurse  by  whose 
help  the  species,  as  the  above  named  authorities  maintain,  can  live  through 
times  in  which  the  needed  inherent  variations  are  not  forthcoming,  but 
in  part  acts  also  as  a  substitute,  not  indeed  for  natural  selection,  but  for 
the  ordinary  operation  by  which  the  latter  produces  change.  In  this  latter 
case  natural  selection  acts  so  as  to  produce  a  plastic  adaptable  individual 
which  can  meet  any  of  the  various  forces  to  which  it  is  likely  to  be  ex- 
posed by  producing  the  appropriate  modification  and  this,  it  is  claimed, 
is  in  many  instances  more  valuable  than  the  more  perfect,  but  more  rigid, 
adjustment  of  inherent  variations  to  a  fixed  set  of  conditions. 

A  good  example  of  the  eminent  advantages  of  adaptability  in  many 
directions,  over  accurate  adjustment  in  fewer  directions,  is  to  be  found 
in  a  comparison  between  the  higher  parts  of  the  nervous  system  in  insects 
and  birds.  The  insect  performs  its  various  actions  instinctively  and  per- 
fectly from  the  first ;  it  is  almost  incapable  of  education  and  of  modify- 
ing its  actions  as  the  result  of  the  observation  of  the  effecta  of  some  new 
danger.  It  would  appear  that  the  introduction  of  the  electric  light  can 
only  affect  the  insects  which  are  most  attracted  to  it,  by  the  gradual  oper- 
ation of  natural  selection.  In  the  clothes-moths,  which  infest  our  houses, 
we  may  see  an  example  of  this ;  for  these  insects  seem  to  be  compara- 
tively indifferent  to  light.  Birds,  on  the  other  hand,  have  the  power  of 
learning  from  experience,  of  reasoning  from  the  results  of  observation. 
At  first  terrified  by  railway  trains  they  learn  that  they  arc  not  dangerous, 
Ad  cease  to  be  alarmed ;  while  the  effect  of  firearms  results  in  their  in- 
creased wariness. 

If  this  view  of  individual  adaptability  as  due  to  natural  selection  be 
not  accepted  it  mny  be  supposed  that  the  individual  modifications  are  due 
either  to  the  direct  action  of  the  external  forces,  or  to  the  tendencies  of 
the  organism.  But  it  is  impossible  to  understand  how  the  mechanical  oper- 
ation of  such  forces  as  pressure,  friction,  stress,  etc.,  continued  through 
a  lifetime,  could  evoke  useful  responses,  or  why  the  response  should  just 
attain  and  then  be  arrested  at  a  level  of  maximum  efficiency.  The  other 
supposition,  that  orgnnisms  are  so  constituted  that  they  must  react  under 
external  stimuli  by  the  production  of  new,  useful  characters,  or  the  use- 
ful modification  of  old  ones,  seems  to  me  to  be  essentially  the  same  as  the 
old  **  innate  tendency  toward  perfection  '*  as  the  motive  cause  of  evolu- 
tion— a  conception  which  is  not  much  more  sntisfactory  than  special  crea- 
tion itself.  The  inadequacy  of  the  view  is  clearly  shown  when  we  consider 
that  the  external  forces  which  awake  response  in  an  organism  generally 
belong  to  its  inorganic  (physical  or  chemical)  environment,  while  the  use- 
fulness of  the  response  has  relation  to  its  organic  environment  (enemies, 
prey,  etc.).  Thus  one  set  of  forces  supply  the  stimuli  which  evoke  a  re- 
sponse to  another  and  very  different  set  of  forces.    We  can  therefore 
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accept  neither  of  the  suggt'stions  which  have  been  oflTereil.  Useful  Indi- 
vid aal  modifications  are  not  directly  due  to  the  external  forces  and  are 
not  due  to  the  Inherent  constitution  of  the  organism. 

The  only  remaining  hypothesis  is  that  which  I  have  already  mentioned 
—  the  view  that  whenever  organlMms  react  adapt! vely  nnder  external  forces 
they  do  so  because  of  special  powers  conferred  on  them  by  natural  selec- 
tion. This  hypothesis  will,  it  seems  to  me,  meet  and  satisfactorily  ex- 
plain all  the  facts  of  the  case — whether  employed  as  a  preparation  or  as 
a  substitute  for  hereditary  variations  accumulated  by  Natural  Selection. 

In  closing  the  discussion,  in  reply  to  Professor  Poulton,  Professor 
Osbom  stated  that  natural  selectionists  were  wont  to  embrace  every  new 
proQess  discovered  in  nature  in  the  old  comprehensive  power  of  selectinn ; 
but  that  he  believed  that  plastic  adaptation  had  not  been  acquired  by 
Natural  Selection  but  was  a  fundamental  property  of  protoplasm. 


Mimicry  in  butterflies  of  the  gknus  Hypolihnas  and  its  bbarino  on 

OLDER  AND  MOKE  RECENT  THEOKIES  OF  MIMICRY.      By  Prof.  EDWARD 

B.  PouLTON,  M.A.,F.B.S.,  University  of  Oxford,  England. 

Thk  theory  of  mimicry  sugge^^ted  by  H.  W.  Bates  in  1862  explained 
the  superficial  resemblance  of  a  rare  to  a  common  species  in  the  same 
locality  by  supposing  that  the  latter  possessed  some  special  means  of  de- 
fence (such  as  unpleasant  taste,  smell,  etc.),  and  that  the  former,  without 
the  special  defence,  was  mistaken  by  enemies  for  the  latter,  and  thus  es- 
caped a  considerable  amount  of  persecution.  The  relation  may  be  com- 
pared to  that  existing  between  a  successful  well-known  firm  and  another 
small  unscrupulous  one  which  lives  upon  its  repntation.  On  the  other 
hand.  Bates  thoroughly  recognized  the  existence  of  resemblance  between 
the  specially  defended  forms  themselves.  These  he  could  not  explain  by 
his  theory  of  mimicry,  and  suggested  that  they  were  a  result  of  the  in- 
fluence of  locality.  Many  years  later  Fritz  MUller  satisfactorily  explained 
this  difficulty  by  suggesting  that  a  common  type  of  appearance  simplified 
the  education  of  enemies  and  thus  was  the  means  of  saving  life  The 
lives  of  many  Individuals  must  be  sacrificed  before  enemies  have  learned 
to  recognize  and  to  avoid  the  colors  and  patterns  which  indicate  some 
special  means  of  defence,  and  the  fewer  such  patterns  In  any  locality  the 
smaller  the  sacrifice.  The  relation  may  be  compared  to  that  between  two 
successful  firms  which  combine  to  use  a  common  advertisement. 

This  latter  theory,  although  received  rather  coldly  at  first,  has  gradu- 
ally made  way,  and  seems  now  likely  to  occupy  a  good  deal  of  the  ground 
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fonnerly  believed  to  be  covered  by  the  Tormer  theory.  Thus,  Dr.  F.  A. 
Dixey,  of  Oxford,  has  recently  shown  that  Sonth  American  ^ehconince  are 
aflfected  by  the  color  of  certain  Pierinoe  which  have  hitherto  been  looked 
apon  as  true  Batesian  mimics  of  the  former. 

The  old-world  nymplialine  genus  Hypolimnas  has  been  regarded  as  one 
of  the  best  examples  of  mimicry,  bat  an  unbiassed  examination  leads  to 
the  opinion  that  it  affonls  a  case  of  Miillerian  rather  than  Batesian  resem- 
blance. 

In  India  the  female  of  the  common  species  H.  bolina  resembles  Euplaea 
core  while  the  male  is  a  dark  butterfly  with  a  large  white  spot,  shot 
with  bine,  on  each  of  the  four  wings.  Throughout  the  Malay  Archipel- 
ago representative  species  occur  with  males  like  that  of  H.  bolina  and 
females  resembling  the  local  Euploeas.  Occasionally,  as  in  Ke  Island  and 
the  Solomons,  species  of  the  genus  occur  in  which  the  male  as  well  as  the 
female  resembles  a  Euplcea.  In  Fiji  the  male  is  as  in  the  Indian  species 
while  the  female  is  extremely  variable,  ranging  from  forms  like  the  male 
through  intermediate  varieties,  to  be  brown  and  straw-colored  individ- 
uals. The  Euplooas  of  Fiji  are  not  sufficiently  known,  but  it  is  very 
improbable  that  all  the  forms  of  the  female  Hypolimnas  are  mimetic.  A 
still  more  instructive  case  is  that  of  the  nerina  form  of  female  found, 
with  a  male  like  that  of  H.  bolina,  in  Australia,  Celebes,  New  Guinea,  and 
other  E.  Indian  Islands  and  in  many  of  the  Polynesian  groups. 

This  conspicuous  and  abundant  butterfly  has,  in  addition  to  the  four 
whlte-and-blue  spots  of  the  male,  a  large  reddish  brown  patch  upon  each 
fore-wing.  This  well-marked  form  resembles  no  other  butterfly  except 
the  Danais  chianippe  of  Celebes,  and,  as  this  latter  appears  to  be  very 
rare,  it  is  far  more  probable  that  the  resemblance  has  come  from  the  other 
side,  and  that  the  Danais  has  approached  the  Hypolimnas. 

In  AfHca  the  sub-genus  Euralia  is  represented  by  several  species  which 
resemble  in  both  sexes  species  of  the  Ethiopian  Danaine  genus  Amauris, 

Finally  there  is  the  well-known  and  widespread  Hypolimnas  missippus 
which  accompanies  Limnas  chrysippus  throughout  its  range;  while  the 
female  of  the  former  resembles  the  latter  very  closely.  In  this  case  it  is 
certain  that  we  have  to  do  with  no  struggling  hard-pressed  form,  for  the 
Hypolimnas  has  recently  established  Itself  in  some  of  the  West  Indian  Isl- 
ands and  in  Demerara  —  localities  in  which  its  model,  L.  chrysippus,  is  as 
yet  unknown. 

To  sum  np  —  the  genus  Hypolimnas  is  distinguished  among  nymphaline 
genera  for  the  extent  to  which  its  numerous  and  widespread  species  re- 
semble the  local  distasteful  forms  of  Euplceinae  or  DanainsB. 

Upon  the  older  theory  of  Bates  this  would  be  explained  by  supposing 
that  the  genus  is  very  hard-pressed  in  the  struggle  and  has  thus  been 
driven  to  mimicry  almost  everywhere.  Upon  the  newer  MQUeriaii  theory 
it  is  supposed  that  the  genus  is  distinguished  among  nymphaline  genera 
by  some  special  defence,  probably  in  the  way  of  taste  or  smell  or  indi- 
gestibllity,  and  that  it  has  been  to  its  advantage  to  adopt  the  advertise- 


244  SECTION  r. 

ment  of  still  better-known  and  probably  still  more  distasteful  forms  in 
its  locality. 

The  aboAdaaee  of  tbe  various  species,  tlie  con^picaons  nerma  f arra  of 
female,  and  the  resemblance  of  a  rare  Danaid  to  it,  the  recent  spread  of 
H,  misippu9  beyond  the  limits  of  its  model  all  snpport  this  latter  inter- 
pretation. 


MiMICRT   AS   EVIDRNCK  FOB    THE    ANCESTRAL    HOME    OF    A    WIDB-RAHOIKG 

SPECIES.    By  Prof.  Edward  B.   Poulton,  M.A.,  F.R.8.,  University 
of  Oxford,  England. 

We  know  on  historic  evidence  that  Anosia  plexippus  has  spread  snd  is 
spreading  through  the  warmer  parts  of  the  world.  If  we  had  not  this 
evidence,  it  might  still  be  inferred  with  safety  that  North  America  is 
the  ancestral  home  as  compared  with  the  other  countrifs  now  inhabited 
by  this  species.  In  North  America  we  find  a  very  perfect  mimic  in 
Limenitis  misipptis,  while  in  no  other  country  has  the  occupation  been 
long  enough  to  permit  of  such  a  resemblance  growing  up. 

Similar  evidence  indicates  that  Africa  is  the  ancestral  home  of  Limnas 
chrysippus  which  now  ranges  through  almost  all  the  warmer  parts  of  the 
Old  World.  The  far  greater  eflTect  which  hns  been  produced  by  this 
species  upon  the  Lepidopterous  fauna  of  Africa  as  compared  with  that  of 
other  lands,  proves  a  far  longer  sojourn  in  the  former. 


A  method  of  LABKLUNO  TYPK  SPECIMENS  IN    COL1.EC1ION8    OF    INSKCTti. 

By  Prof.  Edwabi)  B.  Poulton,  M.A.,  F.R.S., University  of  Oxford. 
England. 

The  method  adopted  in  the  Hope  Department  of  the  University  Mnseuni, 
Oxford,  consists  In  printing  a  form  of  type  label  to  which  the  reference 
to  the  author's  description  of  the  species  can  be  added.  Such  a  label  is 
placed  on  the  pin,  below  the  specimen,  while  a  duplicate  label  is  pinned 
beside  it,  in  the  most  convenient  position  for  the  student.  All  essential 
facts  are  recorded  on  this  label  and  a  second  one  stating  the  locality,  date 
of  capture,  name  of  captor,  and  date  of  presentation.  This  latter  (which 
is  prepared  for  all  specimens  recently  added  to  the  collections)  is  simi- 
larly placed  beside  as  well  as  on  the  insect.  Ordinary  printers'  ink  is  used 
for  both  labels  because  of  its  permanence ;  but  the  type  labels  are  distin- 
guished by  a  red  line  just  within  the  margin. 
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Gbooraphical  distributiox  of  thb  golden  wabblbrs.    By  Harry  C. 
Obbrholser,  U.  S.  Department  of  Agriculture,  Washtngton,  D.  C. 

The  so-called  golden  warblers  form  a  groap  of  some  twenty-five 
species  and  snbspecies  in  the  genus  Dendroica^  and  are  distributed  over 
almost  the  entire  Nearctic  region,  together  with  the  Antlllean,  Columbian 
and  Central  American  subregions  of  the  Neotropical.  The  greatest  dif- 
ferentiation of  forms  occurs  in  the  West  Indies,  where  the  distribution  of 
many  of  the  species  is  somewhat  anomalous. 
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EXPEBIMENTAL  MOBPHOLOGT, 


In  looking  at  the  progress  which  has  been  made  in  the  study  of 
plant  morphology,  I  have  been  as  much  impressed  with  the  differ- 
ent attitudes  of  mind  toward  the  subject  during  the  past  one  hun- 
dred and  fifty  years,  as  by  the  advance  which  has  taken  place  in 
methods  of  study  and  the  important  acquisitions  to  botanical  sci- 
ence. These  different  view  points  have  coincided  to  some  extent 
with  distinct  periods  of  time.  What  Sachs,  in  his  '^  history  of  bot- 
any, "  calls  the  '^  new  morphology  "  was  ushered  in  near  the  middle 
of  the  present  century  by  Von  Mohl's  researches  in  anatomy,  by 
Naegeli's  investigations  of  the  cell  and  Schleiden's  history  of  the 
development  of  the  fl^ower.  The  leading  idea  in  the  study  of 
morphology,  during  this  period,  was  the  inductive  method  for  the 
purpose  of  discerning  fundamental  principles  and  laws,  not  simply 
the  establishment  of  individual  facts,  which  was  especially  char- 
acteristic of  the  earlier  period  when  the  dogma  of  the  constancy 
of  species  prevailed. 

The  work  of  the  ^^  herbalists  "  had  paved  the  way  for  the  more 
logical  study  of  plant  members  by  increasing  a  knowledge  of  spe- 
cies, though  their  work  speedily  degenerated  into  mere  collections 
of  material  and  tabulations  of  species  with  inadequate  descrip- 
tions. Later,  the  advocates  of  metamorphosis  and  spiral  growth 
had  given  an  impetus  more  to  the  study  of  nature,  though  diluted 
with  much  poetry  and  too  largely  subservient  to  the  imagination, 
and  to  preconceived  or  idealistic  notions. 

(249) 
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But  it  was  reserved  for  Hoffmeister  ('59),  whose  work  followed 
within  three  decades  of  the  beginnings  of  this  period,  to  add  to  the 
inductive  method,  as  now  laid  down,  the  comparative  method ;  and 
extending  his  researches  down  into  the  Pteridophyta  and  Bry- 
ophyta,  he  not  only  established  for  these  groups  facts  in  sexuality 
which  Camerarius  and  Robert  Brown  had  done  for  the  Spermat- 
ophyta,  but  he  did  it  in  a  far  superior  manner.  He  thus  laid  the 
foundation  for  our  present  conceptions  of  the  comparative  mor- 
phology of  plants.  Naegeli's  investigations  of  the  cell  had  em- 
phasized the  importance  of  its  study  in  development,  and  now  the 
relation  of  cell  growth  to  the  form  of  the  plant  was  carried  to  a 
high  degree,  and  an  attempt  was  made  to  show  how  dependent  the 
form  of  the  plant  was  on  the  growth  of  the  apical  cell  in  the 
Pteridophyta  and  Bryophyta,  though  later  researches  have  modi- 
fied this  view ;  and  how  necessary  a  knowledge  of  the  sequence 
of  cell  division  was  to  an  understanding  of  homologies  and  re 
lationships.  Thus  in  developmental  and  comparative  studies 
morphol(^y  has  been  placed  on  a  broader  and  more  natural  basis, 
and  the  homologies  and  relationships  of  organs  between  the  lower 
and  higher  plants  are  better  understood. 

But  the  growth  of  comparative  morphology  has  been  accom 
panied  by  the  interpretation  of  structures  usually  from  a  teleolog- 
ical  standpoint,  and  in  many  cases  with  the  innate  propensity  of 
the  mind  to  look  at  nature  in  the  light  of  the  old  idealistic  theories 
of  metamorphosis. 

I  wish  now  to  enquire  if  we  have  not  recently  entered  upon  a 
new  period  in  our  study  of  comparative  morphology.  There  are 
many  important  questions  on  which  comparative  studies  of  devel- 
opment, under  natural  or  normal  conditions  alone,  cannot  afford  a 
sufficient  number  of  data.  We  are  constantly  confronted  with 
the  problems  of  the  interpretation  of  structure  and  form,  not  only 
as  to  how  it  stands  in  relation  to  structures  in  other  plants,  which 
we  deal  with  in  comparative  morphology,  but  the  meaning  of  the 
structure  or  form  itself,  and  in  relation  to  the  other  stnictures  of 
tlie  organism,  in  relation  to  the  environment,  and  in  relation  to  the 
past.  This  must  be  met  by  an  enquiry  on  our  part  as  to  why  the 
structure  or  form  is  what  it  is,  and  what  are  the  conditions  which 
influence  it.  This  we  are  accustomed  to  do  by  eacperimeiit^  and  it 
begins  to  appear  that  our  final  judgments  upon  many  questions  of 
morphology,  especially  those  which  relate  to  variation,  homology. 
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etc.,  mast  be  formed  after  the  evidence  is  obtained  in  this  higher 
trial  court,  that  of  easperimental  morphology.  While  experimental 
morphology,  as  a  designation  of  one  branch  of  research  in  plants, 
or  as  a  distinct  and  important  field  of  study,  is  not  yet  fully  taken 
cognizance  of  by  botanists,  we  have  only  to  consult  our  recent  lit- 
erature to' find  evidence  that  this  great  and  little  explored  field  has 
already  been  entered  upon. 

Experimental  methods  of  research  in  the  study  of  plants  have 
been  in  vogue  for  some  time,  but  chiefiy  by  plant  physiologists  and 
largely  from  the  standpoint  of  the  physical  and  chemical  activ- 
ities of  the  plant,  as  well  as  those  phases  of  nutrition  and  inita- 
bility,  and  of  histologic  structure,  which  relate  largely  to  the  life 
processes  of  the  plant,  and  in  which  the  physiologist  is  therefore 
mainly  interested.  In  recent  years  there  has  been  a  tendency  in 
physiological  research  to  limit  the  special  scope  of  these  investi- 
gations to  those  subjects  of  a  physical  and  chemical  nature.  At 
the  same  time,  the  study  of  the  structure  and  behavior  of  proto- 
plasm is  coming  to  be  regarded  as  a  morphological  one ;  and,  while 
experimental  methods  of  research  as  applied  to  the  morphology  of 
protoplasm  and  the  cell  are  comparatively  new,  there  is  already  a 
considerable  literature  on  the  subject  even  from  the  side  of  plant 
oi^anisms  (Davenport,  '97).  While  certain  of  the  phenomena  of 
irritability  and  growth  are  closely  related  to  the  physics  of  plant 
life,  they  are  essentially  morphologic,  and  it  is  here  especially  that 
we  have  a  voluminous  literature  based  strictly  on  the  inductions 
gained  by  experimentation,  and  for  which  we  have  chiefiy  to  thank 
the  plant  physiologist. 

If  we  were  to  write  the  full  history  of  experimental  morphology 
in  its  broadest  aspects,  we  could  not  omit  those  important  experi- 
mental researches  on  the  lower  plants  in  determining  the  ontogeny 
of  polymorphic  species  among  the  algse  and  fungi  which  were  be- 
gun so  ably  by  De  Bary,  Tulasne,  Pringsheim  and  others,  and  car- 
ried on  by  a  host  of  European  and  American  botanists.  The  tone 
which  these  investigations  gave  to  taxonomic  botany  has  been  felt 
in  the  study  of  the  higher  plants,  by  using  to  some  extent  the 
opportunities  at  botanic  gardens,  where  plants  of  a  group  may  be 
grown  under  similar  conditions  for  comparison,  and  in  the  estab- 
lishment of  alpine,  subalpine  and  tropical  stations  for  the  purpose 
of  studying  the  infiuence  of  climate  on  the  form  and  variations  of 
plants,  and  in  studying  the  effect  of  varying  external  conditions. 


252  SECTION  o. 

While  experimeDtal  morphology  in  its  broadest  sense  alno  in- 
cludes in  its  domain  cellular  morphology  and  the  changes  resulting 
from  the  directive  or  tazic  forces  accompanying  growth,  it  is  not 
these  phases  of  morphology  with  which  I  wish  to  deal  here. 

The  question  is  rather  that  of  experimental  morphology  as  ap- 
plied to  the  interpretation  of  the  modes  of  progress  followed  by 
members  and  organs  in  attaining  their  morphol<^c  individuality, 
in  the  tracing  of  homologies,  in  the  relation  of  members  associated 
by  antagonistic  or  correlative  forces,  the  dependence  of  diversity 
of  function  in  homologous  members  ou  external  and  internal  forces, 
as  well  as  the  causes  which  determine  the  character  of  certain  pa- 
ternal or  maternal  structures.  I  shall  deal  more  especially  with  the 
experimental  evidence  touching  the  relation  of  the  members  of  the 
plant  which  has  been  represented  under  the  concept  of  the  leaf,  as 
expressed  in  the  metamorphosis  theory  of  the  idealistic  morphology. 
The  poetry  and  mystery  of  the  plant  world,  which  were  so  beautifully 
set  forth  in  the  writings  of  Goethe  and  A.  Braun,  are  interesting 
and  entrancing ;  and  poetic  communication  with  nature  is  elevating 
to  our  ethical  and  spiritual  natures.  But  fancy  or  poetry  cannot 
guide  us  safely  to  the  court  of  enquiry.  We  must  sometimes  lay 
these  instincts  aside  and  deal  with  nature  in  a  cold,  experimental, 
calculating  spirit. 

The  beginnings  of  experimental  morphology  were  madeaboutone 
century  ago  when  Knight,  celebrated  also  for  the  impulse  which  he 
gave  to  experimental  physiology,  performed  some  very  simple  ex- 
periments on  the  potato  plant.  The  underground  shoots  and  tubers 
had  been  called  roots  until  Hunter  ('77)  pointed  out  the  fact  that 
they  were  similar  to  stems.  Knight  tested  the  matter  by  experi- 
ment, and  demonstrated  that  the  tubers  and  underground  stems 
could  be  made  to  grow  into  aerial  leafy  shoots.  This  he  regarded  as 
indicating  a  compensation  of  gi'owth,  and  he  thought  further  that 
a  compensation  of  growth  could  be  shown  to  exist  between  the  pro- 
duction of  tubers  and  flowers  on  the  potato  plant  He  reasoned 
that  by  the  prevention  of  the  development  of  ihe  tubers,  the  plant 
might  be  made  to  bloom.  An  early  sort  of  potato  was  selected, 
one  which  rarely  or  never  set  flowers,  and  the  shoots  were  potted 
with  the  earth  well  heaped  up  into  a  mound  around  the  end  of  the 
shoot.  When  growth  was  well  started,  the  soil  was  washed  away 
from  the  shoot  and  the  upper  part  of  the  roots,  so  that  the  {^nt 
was  only  connected  with  the  soil  by  the  roots.     The  tubers  were 
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prevented  from  growing  and  numbers  of  flowers  were  formed.  This 
result  he  also  looked  upon  as  indicating  a  compensation  of  growth 
between  the  flowers  and  tubers.  While  we  recognize  Knight's  ex- 
periments as  of  great  importance,  yet  he  erred  in  his  interpretation 
of  the  results  of  this  supposed  correlation  between  the  tubers  and 
flowers,  as  V6chting  ('87,  '95)  has  shown.  By  repeating  Knight's 
experiment,  and  also  by  growing  shoots  so  that  tubers  would  be  pre- 
vented from  developing,  while  at  the  same  time  the  roots  would  be 
protected,  flowers  were  obtained  in  the  first  case  while  they  wiere 
not  in  the  second ;  so  that  the  compensation  of  growth,  or  coitc- 
lation  of  growth  here,  exists  between  the  vegetative  portion  of  the 
plant  nnd  the  flowers,  instead  of  between  the  production  of  tubers 
and  flowers,  as  Knight  supposed. 

The  theory  of  metamorphosis  as  expressed  by  Goethe  and  A. 
Hraun  ('51),  and  applied  to  the  leaf,  regarded  the  leaf  as  a  concept 
or  idea.  As  Goebel  ('80)  points  out,  Braun  did  not  look  upon  any 
one  form  as  the  typical  one  which,  through  transformation,  had  de- 
veloped the  various  leuf  forms,  but  eacli  one  represented  a  wave  in 
the  march  of  the  successive  billows  of  a  metamorphosis ;  the  shoot 
manifesting  successive  repetitions  or  renewals  of  growth  each  sea- 
son, representing  in  order  the  '^  niederblatter,  laubblatter,  hoch- 
blatter,  kelchblatter,  blumen blatter,  staubblatter,  fruchtblatter." 
Though  it  had  been  since  suggested  from  time  to  time,  as  Goebel 
('80)  remarks,  that  the  foliage  leaf  must  be  regarded  as  the  origi- 
nal one  from  which  all  the  other  forms  had  arisen  (though  at  that 
time  (roebel  did  not  think  this  the  correct  view),  no  research,  he 
says,  had  been  carried  on,  not  even  in  a  single  case,  to  determine 
this  point.  Goebel  plainly  showed  in  the  case  of  Prunus  padus^ 
that  axillary  buds,  which,  under  normal  conditions,  were  formed 
one  year  with  several  bud  scales,  could  be  made  by  artificial  treat- 
ment to  develop  during  the  first  year.  This  he  accomplished  by 
removing  all  the  leaves  from  small  trees  in  April,  and  in  some  cases 
also  catting  away  the  terminal  shoot.  In  these  cases  the  axillary 
shoot,  instead  of  developing  buds  which  remained  dormant  for  one 
year,  as  in  normal  cases,  at  once  began  to  grow  and  developed  well 
formed  shoots.  Instead  of  the  usual  number  of  bud  scales ,  there 
were  first  two  stipule-like  outgrowths,  and  then  fully  expanded 
leaves  were  formed ;  so  that  in  this  case,  he  says,  the  metamor- 
phosis of  the  leaf  to  bud  scales  was  prevented.  For  this  relation 
of  bud  scales  to  foliage  leaves  Goebel  proposed  the  term,  ^'correla- 
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tion  of  growth"  ('80).  In  the  case  of  Vida  faba^  removal  of  the 
lamina  of  the  leaf  of  seedlings  when  it  was  very  yoong,  caused 
the  stipules  to  attain  a  large  size  and  to  perform  the  function  of  the 
assimilating  leaf.  He  here  points  out  that  experimentation  aids 
us  in  interpreting  certain  morphological  phenomena  which  other- 
wise might  remain  obscure.  He  cites  the  occasional  occurrence 
(Moquin-Tandon)  in  the  open,  of  enlarged  stipules  of  this  plant 
which  his  experiment  aids  in  interpreting.  In  the  case  of  LcUhy- 
ru8  aphaca  the  stipules  are  large  and  leaflike,  while  the  part  which 
corresponds  to  the  lamina  of  the  leaf  is  in  the  form  of  a  tendril, 
the  correlation  processes  here  having  brought  about  the  enlarge- 
ment of  the  stipules  as  the  lamina  of  the  leaf  became  adapted  to 
another  function.  Eronfeld  ('86,  '87)  repeated  some  of  Goebel's 
experiments,  obtaining  the  same  results  and  extended  them  to  other 
plants  (Pt'ru«  TiiaZud  and  Pisum  sativum)^  while  negative  results 
attended  some  other  experiments.  Hildebiand  ('92),  in  some  ex- 
periments on  seedlings  and  cuttings,  found  that  external  influences 
affected  the  leaves,  and  in  some  cases  where  the  cotyledons  were 
cut,  foliage  leaves  appeared  in  place  of  the  usual  bud  scales,  and 
in  Oxalis  rubella  removal  of  the  foliage  leaf,  which  appears  after 
the  cotyledons,  caused  the  first  of  the  bulb  scales,  which  normally 
follow  the  foliage  leaf,  to  expand  into  a  foliage  leaf. 

In  some  experiments  on  the  influence  of  light  on  the  form  of  the 
leaves  Goebel  ('96)  has  obtained  some  interesting  results.  Plants' 
of  Campanula  rotundifoUa  were  used.  In  this  species  the  lower 
leaves  are  petioled  and  possess  broadly  expanded  heart-shaped 
laminse,  while  the  upper  leaves  are  narrow  and  sessile  with  inter- 
grading  forms.  Plants  in  different  stages  of  growth  were  placed 
in  a  poorly  lighted  room.  Young  plants  which  had  only  the  round 
leaves,  under  these  conditions  continued  to  develop  only  this  form 
of  leaf ;  while  older  plants,  which  had  both  kinds  of  leaves  when  the 
experiment  was  started,  now  developed  on  the  new  growth  of  the 
shoot  the  round-leaved  form.  In  the  case  of  plants  on  which 
the  flower  shoot  had  already  developed,  side  shoots  with  the  round 
leaves  were  formed.  Excluding  the  possibility  of  other  conditions 
having  an  influence  here,  the  changes  in  the  form  of  the  leaves  have 
been  shown  to  be  due  to  a  varying  intensity  of  light.  The  situa- 
tion of  the  plants  in  the  open  favors  this  view,  since  the  leaves  near 
the  ground  in  these  places  are  not  so  well  lighted  as  the  leaves 
higher  up  on  the  stem.     In  this  case  the  effect  of  dampness  is  not 
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taken  into  accoant  by  the  experimenter,  and  since  dampness  does 
have  an  influence  on  the  size  of  the  leaf  it  would  seem  that  it  might 
be  at  least  one  of  the  factors  here.  An  attempt  was  now  made  to 
prevent  the  development  of  the  round  leaves  on  the  young  seed- 
lings. For  this  purpose  the  germinating  seeds  were  kept  under 
the  influence  of  strong  and  continuous  lighting.  The  round  leaves 
were  nevertheless  developed  in  the  early  stage,  an  indication  that 
this  form  of  the  leaf  on  the  seedling  has  become  fixed  and  is  heredi- 
tary. Hering  ('96)  found  that  enclosing  the  larger  cotyledon  of 
Streptocarpus  in  a  plaster  cast,  so  as  to  check  the  growth,  the 
smaller  and  usually  fugacious  one  grew  to  the  size  of  the  large 
one,  provided  the  experiment  was  started  before  the  small  one  was 
too  old.  Amputation  of  the  large  cotyledon  gave  the  same  re- 
sults. 

Other  experimenters  have  directed  their  attention  to  the  effect  of 
light  and  gravity  on  the  arrangement  of  the  leaves  on  the  stem,  as 
well  as  the  effect  of  light  on  the  length  of  the  petioles  and  breadth 
of  the  lamina.  Among  these  may  be  mentioned  the  work  of  Weisse 
('94,  '95),  Rosenvinge  ('88)  and  others. 

Goebel  has  shown  experimentally  that  dampness  is  also  one  of 
the  external  influences  which  can  change  the  character  of  xerophyl- 
loas  leaves.  A  New  Zealand  species  of  Veronica  of  xerophyllous 
habit  and  scaly  appressed  leaves,  in  the  seedling  stage  has  spread- 
ing leaves  with  a  broad  lamina.  Older  plants  can  be  forced  into 
tbts  condition  in  which  the  leaves  are  expanded  by  growing  them 
io  a  moist  vessel  ('96).  Gain,  Askenasy  and  others  have  shown 
that  dampness  or  dryness  has  an  important  influence  in  determin- 
ing the  character  of  the  leaves. 

The  results  of  the  experiments  in  showing  the  relation  of  the 
leaf  to  the  bud  scales  Goebel  regards  as  evidence  that  the  foliage 
leaf  is  the  original  form  of  the  two,  and  that  the  bud  scale  is  a 
modification  of  it. 

Treub  ('72)  conducted  some  interesting  experiments  for  the 
purpose  of  determining  the  homology  of  the  pappus  of  the  Com- 
positae.  Gall-insects  were  employed  to  stimulate  the  pappus  of 
Hieraeium  umbeUatum  and  it  was  made  to  grow  into  a  normal 
calyx  with  five  lobes.  (A  recent  letter  from  Professor  Treub  states 
that  he  later  repeated  these  experiments  with  other  species  of  Com- 
positae  with  like  results  but  the  work  was  not  published.)  Kny 
('94)  found,  in  seedlings  and  cuttings,  which  he  experimented  with 
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that,  while  there  was  still  stored  food  available  for  the  roots  and 
shoots,  there  was  little  if  anj  dependence  of  one  upon  the  other. 
Hertng  ('96)  comes  to  somewhat  different  conclusions  as  a  result 
of  his  experiments,  finding  that  in  some  cases  there  was  a  slight 
increase  of  growth,  while  in  others,  growth  of  the  one  was  recip- 
rocally retarded,  when  the  other  was  checked  in  development. 
Numerous  cases  of  horticultural  practice  in  pollination  of  fruits 
shows  that  the  form  and  size  of  the  fruit  and  of  the  adjacent  parts, 
as  well  as  the  longer  or  shorter  period  of  existence  of  the  floral  en- 
velopes, can  be  influenced  by  pollination. 

The  investigations  carried  on  by  Elebs  ('96)  in  the  conjugation 
of  Spirogyra  suggest  how  experimentation  of  this  kind  may  be 
utilized  to  determine  questions  which,  in  special  cases,  cannot  be 
arrived  at  easily  by  direct  investigation.  If  threads  of  Spirogyra 
variana  which  are  ready  for  conjugation  are  brought  into  a  (0.5% ) 
solution  of  agar-agar,  in  such  a  way  that  nearly  parallel  threads 
lie  at  a  varying  distance  in  their  windings,  where  they  are  within 
certain  limits  the  conjugation  tubes  are  developed  and  the  zygo- 
spores are  formed.  But  where  the  threads  lie  at  too  great  a  dis- 
tance for  the  influences  to  be  exerted,  the  cells  remain  sterile,  and 
no  conjugation  tubes  are  developed.  If  now  these  threads  be 
brought  into  a  nutrient  solution,  the  colls  which  were  compelled  to 
remain  sterile  grow  and  develop  into  new  threads,  t.  e,  they  take 
on  the  vegetative,  though  they  are  fully  prepared  for  the  sexual 
function.  Strasburger  ('97)  has  pointed  out  that  this  may  be 
taken  as  excluding  the  possibility  of  there  being  a  reducing  divis- 
ion of  the  chromosomes  during  the  maturing  of  the  sexual  cells,  a 
process  which  takes  place  in  animals,  and  that  the  behavior  of 
Spirogyra  in  this  respect  agrees  with  what  is  known  to  take  place 
in  the  higher  plants,  viz.,  that  the  reduction  process  is  not  one 
which  is  concerned  in  the  maturity  of  the  gametes.  The  same 
could  be  said  of  Polyphagus  in  which  Nowakowski  ('78)  found  that, 
before  the  zygospore  was  completely  formed,  the  protoplasm  moved 
out  and  formed  a  new  sporangium. 

In  Protosiphon  botryoides  Klebs  was  also  able  to  compel  the 
parthenogenetic  development  of  the  motile  gametes,  and  the  same 
thing  was  observed  in  the  case  of  the  gametes  of  Ulothrix.  If  we 
are  justified  in  interpreting  this  phenomenon  as  Strasburger  sug- 
gests, the  evidence  which  Raciborski  ('96)  gives  as  a  result  of  his 
experiments  with  Basidiobolua    ranarum  would  support  the  idea 
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that  there  is  no  reducing  division  in  the  ohromosonaes  before  the 
formation  of  the  nuclei  of  the  gametes.     Raciborski  found  that  in 
the  case  of  the  young  zygospores  of  this  plant,  in  old  nutrient  me- 
dium where  the  fusion  of  the  plasma  contents  had  taken  place,  but 
before  the  nuclei  had  fused,  if  they  were  placed  in  a  fresh  nutiicnt 
medium  the  fusion  of  the  nuclei  was  prevented,  and  vegetative 
growth  took  place  forming  a  hypha  which  possessed  two  nuclei, 
the  paternal  one   and  the  maternal  one.       Raciborski  interprets 
Eidam's  ('87)  study  of  the  nuclear  division  prior  to  the  copulation 
of  the  gametes  as  showing  that  the  reducing  division  takes  place 
here  as  in  the  maturation  of  the  sexual  cells  of  animals,  and  looks 
upon  the  premature  germination  of  the  zygospore  as  showing  that 
a  paternal  and  maternal  nucleus  possesses  the  full   peculiarities 
of  a  normal  vegetative  one.    However  we  are  not  justified  in  claim- 
ing a  reducing  division  for  the  nuclei  preceding  the  formation  of 
the  gametes  in  Basidiobolus  from  the  work  of  £idam,  since  he  was 
not  able  to  obtain  sufficiently  clear  figures  of  the  division  to  deter- 
mine definitely  how  many  divisions  took  place,  to  say  nothing  of 
the  lack  of  definite  information  as  to  the  number  of  chromosomes. 
Fairchild  ('96)  has  recently  studied  more  carefully  the  nuclear  di- 
vision, but  on  account  of  the  large  number  of  the  chromosomes 
was  not  able  to  determine  whether  a  reduction  takes  place.     He 
points  out,  as  others  have  done,  the  similarity  in  the  process  of  the 
formation  of  the  conjugating  cells  of  Basidiobolus  and  Mougeotia 
among  the  Mesocarpeae,  and  to  these  there  might  be  added  the 
case  of  Sirogonium  in  which  the  paternal  cell  just  prior  to  copu- 
lation undergoes  division.     The  division  of  the  copulation  cells  in 
Basidiobolus,  Mougeotia,  Sirogonium,  etc.,  suggest  at  least  some 
sort  of  preparatory  act,  but  whether  this  is  for  the  purpose  of  a 
quantitative  reduction  of  the  kinoplasm  as  Strasburger  thinks  some- 
times takes  place,  or  is  a  real  reduction  in  the  number  of  the  chro- 
mosomes, must  be  determined  by  fuither  study,  so  that  the  bearing 
of  these  experiments  on  the  question  of  a  reducing  division  must 
for  the  time  be  held  in  reserve. 

One  of  the  very  interesting  fields  for  experimental  investigation 
is  that  upon  the  correlation  processes  which  govern  the  morphol- 
ogy of  the  sporophylls  (stamens  and  pistils)  of  the  Spermatophyta. 
One  of  the  controlling  influences  seems  to  be  that  of  nutrition, 
and  in  this  respect  there  is  some  comparison  to  be  made  with  the 
correlative  processes  which  govern    ihe  deteimination  of  sex  in 
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plants.  Among  the  ferns  and  some  others  of  the  Pteridophyta 
a  number  of  experiments  have  been  carried  on  by  Pranti  ('78), 
Bauke,  Heim  ('96),  Buchtien  ('87),  and  others  to  determine  the  con- 
ditions which  inflaence  the  development  of  antheridia  and  arche- 
gonia.  Pranti  foand  that,  on  prothallia  of  the  ferns  grown  in  eola- 
tions lacking  nitrogen,  there  was  no  mertstem  and  consequently 
no  arcliegonia,  while  antheridia  were  developed ;  but,  if  the  pro- 
thallia were  changed  to  solutions  containing  nitrogen,  men  stem 
and  archegonia  were  developed.  All  the  experiments  agree  in 
respect  to' nutrition;  with  scanty  nutrition,  antheridia  only  were 
developed,  while  with  abundant  nutriment  archegonia  were  also  de- 
veloped. Heim  studied  the  influence  of  light  and  found  that  fern 
prothallia  grow  best  with  light  of  20%-25%.  Exclusion  of  the 
ultra  violet  rays  does  not  affect  the  development  of  the  sexual  or- 
gans. He  argues  from  this  that  the  ultra  violet  rays  are  not  con- 
cerned in  the  elaboration  of  the  material  for  flower  production  as 
Sachs  had  suggested.  In  yellow  light  the  prothallia  grew  little 
in  breadth ;  they  also  grew  upward,  so  that  few  of  the  rhizoids 
could  reach  the  substratum.  Antheridia  were  here  very  numerous. 
After  seven  months  these  prothallia  were  changed  to  normal  light, 
and  in  four  months  afterward  archegonia  were  developed. 

Among  the  algae  Klebs  ('96)  has  experimented  especially  with 
Vaucheria,  such  species  as  F.  repens  and  V.  omitkocephdla,  where 
the  antheridia  and  oogonia  are  developed  near  each  other  on  the 
same  thread.  With  weak  light,  especially  artificial  light,  the  o^o- 
nium  begins  first  to  degenerate.  He  never  succeeded  in  suppress- 
ing the  antheridia  and  at  the  same  time  to  produce  oogonia. 

High  temperature,  low  air  pressure  or  weak  light  tend  to  sup- 
press the  odgonia,  and  at  the  same  time  the  antheridia  may  in- 
crease so  that  the  number  in  a  group  is  quite  large,  while  the 
oogonium  degenerates  or  develops  vegetattvely.  Elebs  concludes 
from  his  experiments  that  the  causes  which  lie  at  the  bottom  of 
the  origin  of  sex  in  Vaucheria,  as  in  other  organisms,  are  shrouded 
in  the  deepest  mystery.  In  the  higher  plants  a  number  of  experi- 
ments have  been  carried  on  for  the  purpose  of  learning  the  con- 
ditions which  govern  the  production  of  staminate  and  pistillate 
flowers,  or  in  other  words  the  two  kinds  of  sporophylLs.  From 
numerous  empirical  observations  on  dioecious  Spermatophyta,  the 
inference  has  generally  been  drawn  that  nutrition  bears  an  impor- 
tant relation  to  the  development  of  the  staminate  and  pistillate 
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flowers ;  that  scanty  nutrition  prodaces  a  preponderance  of  stami- 
nate  plants,  while  an  abundance  of  nutrition  produces  a  prepon- 
derance of  pistillate  plants.  For  a  period  covering  three  decades 
several  investigators  have  dealt  with  this  question  experimentally, 
notably  K.  MaUer  ('64),  Haberlandt  (75,  77),  and  Hoffmann 
('85).  These  experiments  in  general  give  some  support  to  the 
inferences  from  observation,  yet  the  results  indicate  that  other  in- 
fluences are  also  at  work,  for  the  ratios  of  preponderance  either 
way  are  not  large  enough  to  argue  for  this  influence  alone.  In  a 
majority  of  cases  thick  sowings,  which  in  reality  correspond  to 
scanty  nutrition,  tend  to  produce  staminate  plants ;  while  thin  sow- 
ings tend  to  produce  pistillate  plants.  In  the  case  of  the  hemp 
(Cannabis  saliva) y  Hoffmann  found  that  these  conditions  had 
practically  no  influence.  He  suggests  that  the  character  of  each 
may  have  been  fixed  during  the  development  of  the  seed,  or  even 
that  it  may  be  due  to  late  or  early  fecundation  ('71). 

In  moncscious  plants  it  has  often  been  observed  that  pistillate 
flowers  change  to  staminate  ones  and  vice  versa^  and  in  dioecious 
plants, pistillate  ones  sometimes  are  observed  to  change  to  stami- 
nate ones  (the  hemp  for  example,  see  Nagel  1879).  K.  Miiller 
('64)  states  that,  by  scanty  nutrition,  the  pistillate  flowers  of  Zea 
mays  can  be  reduced  to  staminate  ones. 

Among  the  pines  what  are  called  androgynous  cones  have  in 
some  instances  been  observed.  In  PimLS  rigida  and  P.  thunbergiiy 
for  example,  they  occur  (Masters).  Matsuda  ('92)  has  described 
in  the  case  of  Pintts  densiflora  of  Japan,  pistillate  and  androgynous 
flowers  which  developed  in  place  of  the  staminate  flowers  and,  con- 
versely, staminate  and  androgynous  flowers  in  place  of  pistillate 
ones.  Fujii  (*95)  has  observed  that  where  the  pistillate  or  androg- 
ynous flowers  of  Pinus  densiflora  occur  in  place  of  the  staminate 
ones,  they  are  usually  limited  to  the  long  shoots  which  are  devel- 
opetl  from  the  short  ones  of  the  previous  year.  The  proximity  of 
these  transformed  short  shoots  (Kurztriebe)  to  injuries  of  the  long 
ones,  suggested  that  the  cutting  away  of  the  long  ones  might  in- 
duce the  short  ones  to  develop  into  long  ones,  and  the  flowers 
which  were  in  the  position  for  staminate  ones  to  become  pistillate. 

Fujii  says  "  In  fact,  the  injuries  producing  such  effect  are  fre- 
quently given  by  Japanese  gardeners  to  the  shoots  of  the  year  of 
Pinus  densiflora  in  their  operations  of  annual  pollarding.  But  the 
^  Langtrieb '  which  is  transformed  from  a  '  Kurztrieb '  of  the  last 
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year  does  not  necessarilj  bear  female  of  hermaphrodite  flowers  in 
the  positions  of  male  flowers."  To  determine  the  influence  of 
pollarding  the  shoots,  he  carried  on  experiments  on  this  pine  in 
the  spring  of  1895.  He  pollarded  the  shoois,  so  as,  he  terms 
it,  to  induce  the  nourishment  to  be  employed  in  the  development  of 
the  flowers  and  short  shoots  near  the  seat  of  injury ;  in  other  cases, 
one  or  two  shoots  were  presented,  while  all  the  adjacent  shoots  of 
last  year's  growth  at  the  top  of  the  branch  were  removed  and, 
further,  both  of  these  processes  were  combined.  Out  of  the  45 
branches  experimented  on,  and  on  which  there  were  no  signs  of 
previous  injury,  there  were  9  pistillate  or  androgynous  flowers 
in  place  of  staminate  ones ;  in  21  branches  with  signs  of  previous 
injury,  5  were  transformed ;  while  in  2283,  not  experimented  on 
and  with  no  signs  of  previous  injury,  only  7  were  transformed. 
Such  abnormal  flowers  then  are  due,  largely,  to  the  injuries  upon 
the  adjacent  shoots,  and  Fujii  thinks  largely  to  the  increased 
amount  of  nourishment  which  is  conveyed  to  them  as  a  result  of 
this. 

From  the  experiments  thus  far  conducted  upon  the  determination 
of  sex  in  plants  or  upon  the  determination  of  staminate  or  pistil- 
late members  of  the  flower,  nutrition  has  at  least  some  influence 
in  building  up  the  nourishing  tissue  for  the  two  different  organs  or 
membere.  This  can  in  part  be  explained  on  the  ground  that  an- 
theridia  and  staminate  members  of  the  plant  are  more  or  less  short 
lived  in  comparison  with  the  archegonia  and  pistillate  members, 
the  latter  requiring  more  bulk  of  tissue  to  serve  the  purpose  of  pro- 
tection and  nourishment  to  the  egg  and  embryo.  It  is  thus  evident 
that  while  some  progress  has  been  made  in  the  study  of  this  ques- 
tion we  are  far  from  a  solution  of  it.  Experiment  has  pi'oceeded 
largely  from  a  single  standpoint,  viz.,  that  of  the  influence  of  nu- 
trition. Other  factors  should  be  taken  into  consideration,  for  there 
are  evidently  other  external  influences  and  internal  forces  which 
play  an  important  role,  as  well  as  certain  correlation  processes, 
perhaps  connected  with  the  osmotic  activities  of  the  cell  sap. 

The  relation  of  the  parts  of  the  flower  to  the  foliage  leaves  is  a 
subject  which  has  from  time  to  time  called  forth  discussion.  That 
they  are  but  modifications  of  the  foliage  leaf,  or  constituents  of  the 
leaf  concept,  is  the  contention  of  the  metamorphosis  theory,  and 
that  the  so-called  sporophylld  are  modified  foliage  leaves  is  accepted 
with  little  hesitation  by  nearly  all  botanists,  though  it  would  be 
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very  difficult  it  seems  to  me,  for  any  one  to  present  any  very  sUu  ;^c 
argument  from  a  phylogenetic  standpoint  in  favor  of  the  foliage 
leaf  being  the  primary  form  in  its  evolution  on  the  sporophyte,  and 
that  the  sporophyll  is  a  modern  adaptation  of  the  foliage  leaf. 
Numerous  cases  are  known  of  intermediate  forms  between  sporo- 
phylls  and  foliage  leaves  both  in  the  Spermatophyta  and  Pteri- 
dophyta.  These  are  sometimes  regarded  as  showing  reveraion,  or 
indicating  atavism,  or  in  the  case  of  some  of  the  ferns  as  being  con- 
tracted and  partially  fertile  conditions  of  the  foliage  leaf.  There 
has  been  a  great  deal  of  speculation  regarding  these  interesting 
abnormal  forms,  but  very  little  experimentation  to  determine  the 
causes  or  conditions  which  govern  the  processes. 

In  1894  I  succeeded  in  producing  a  large  series  of  these  interme- 
diate forms  in  the  sensitive  fern  {Onoclea  sensibilis) .  The  exper- 
iments were  carried  on  at  the  time  for  the  especial  purpose  of 
determining  whether  in  this  species  the  partially  developed  sporo- 
phyll could  be  made  to  change  to  a  foliage  leaf,  and  yet  possess 
characters  which  would  identify  it  as  a  transformed  sporophyll. 
The  experiments  were  carried  on  where  there  were  a  large  number 
of  the  fern  plants.  When  the  first  foliage  leaves  were  about  25cm. 
high  they  were  cut  away  (about  the  middle  of  May).  The  second 
crop  of  foliage  leaves  was  also  cut  away  when  they  were  about  the 
same  height  during  the  month  of  June.  During  July,  when  the 
uninjured  ferns  were  developing  the  normal  sporophylls,  those 
which  were  experimented  upon  presented  a  large  series  of  grada- 
tions between  the  normal  sporophyll  and  fully  expanded  foliage 
leaves.  Among  these  examples  there  are  all  intermediate  stages 
from  sporophylls  which  show  very  slight  expansions  of  the  distal 
portion  of  the  sporophyll  and  the  distal  portions  of  the  pinnse, 
until  we  reach  forms  which  it  is  very  difficult  to  distinguish  from 
the  normal  foliage  leaf.  Accompanying  these  changes  are  all 
stages  in  the  sterilization  of  the  sporangia  (and  the  formation  of 
prothalloid  growths)  on  the  more  broadly  expanded  sporophylls 
there  being  only  faint  evidences  of  the  indusia. 

The  following  year  (1895),  similar  experiments  were  carried  on 
with  the  ostrich  fern  {Onodea  stnUhiopteris)  and  similar  results 
were  obtained.  At  the  time  that  these  experiments  were  conducted, 
I  was  unaware  of  the  experiments  performed  by  Goebel  ('87),  on 
the  ostrich  fern.  The  results  he  reached  were  the  same ;  the  spo- 
rophyll was  more  or  less  completely  transformed  to  a  foliage  leaf. 
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Goebel  regards  this  as  the  result  of  the  correlation  processes,  and 
looks  upon  it  as  indicating  that  tlie  sporophyll  is  a  transformed 
foliage  leaf,  and  that  the  experiment  proves  the  reality  here  of  the 
modification  which  was  suggested  in  the  theory  of  metamorphosis, 
and  thus  the  foliage  leaf  is  looked  upon  by  him  as  the  primary  form. 
Another  interpretation  has  been  given  to  these  results,  viz.,  that 
they  strengthen  the  view  that  the  sporophyll,  from  a  phylogenetic 
standpoint,  is  primary,  while  the  foliage  leaf  is  secondary.  What 
one  interprets  as  a  reversion,  another  regards  as  indicating  a  mode 
of  progress  in  the  sterilization  of  potentially  sporogenous  tissue, 
and  its  conversion  into  assimilatory  tissue.  It  is  perhaps  rather  to 
be  explained  by  the  adaptive  equipoise  of  the  correlative  processes 
existing  between  the  vegetative  and  fruiting  portions  of  the  plant, 
which  is  inherited  from  earliest  times.  Rather  when  spore  produc- 
tion appears  on  the  sporophyte  could  this  process  be  looked  upon 
as  a  reversion  to  the  primary  office  of  the  sporophyte,  so  that  in 
spore  production  of  the  higher  plants  we  may  have  a  constantly 
recurring  reversion  to  a  process  which,  in  the  remote  past,  was  the 
sole  function  of  this  phase  of  the  plant.  In  this  way  might  be  ex- 
plained those  cases  where  sporangia  occur  on  the  normal  foliage 
leaf  of  Botrychium,  and  some  peculiar  cases  which  I  have  observed 
in  Osmunda  dnnamomea.  In  some  of  the  examples  of  this  species 
it  would  appear  that  growth  of  the  leaf  was  marked  by  three  dif- 
ferent periods  even  after  the  fundament  was  outlined,  the  first  a 
vegetative,  second  a  spore  producing,  and  third  a  vegetative  again; 
for  the  basal  portions  of  the  leaf  are  expanded,  the  middle  portions 
spore  bearing,  the  passage  into  the  middle  portions  being  gradual 
so  that  many  sporangia  are  on  the  margins  of  quite  well  developed 
pinnae.  These  gradations  of  the  basal  part  of  the  leaf,  and  their 
relation  to  the  expanded  vegetative  basal  portion,  show  that  the 
transition  here  has  been  from  partially  formed  foliage  leaf  to  spo- 
rophyll after  the  fundament  was  established,  and  later  the  incre- 
ments of  the  vegetative  part  from  the  middle  toward  the  terminal 
portion,  shown  by  the  more  and  more  expanded  condition  of  the 
lamina  and  decreasing  sporangia,  which  indicates  that  vegetative 
forces  are  again  in  the  ascendency.  This  suggests  how  unstable  is 
the  poise  between  the  vegetative  leaf  and  sporophyll  in  structure 
and  function  in  the  case  of  this  species. 

For  two  successive  years  I  have  endeavored  by  experiment  to 
produce  this  transformation  in  Osmunda  dnnamomea^  but  thus  far 
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withoat  sufficiently  marked  results.  The  stem  of  the  plant  is  stout, 
and  this,  together  with  the  bases  of  the  leaves  closely  overlapping, 
contains  considerable  amounts  of  stored  nutriment  which  make  it 
difficult  to  produce  the  results  by  simply  cutting  off  the  foliage 
leaves.  The  fact  that  these  transformations  are  known  to  occur 
where  fire  has  overspread  the  ground,  and  as  I  have  observed  where 
the  logging  in  the  woods  seriously  injured  the  stools  of  the  plant, 
it  would  seem  that  deeper-seated  injuries  than  the  mere  removal 
of  foliage  leaves  would  be  required  to  produce  the  transformation 
in  this  species.  It  may  be  that  such  injury  as  results  from  fire  or 
the  severe  crushing,  of  the  stools  of  the  plant  would  be  sufficient  to 
disturb  the  equilibrium  which  existed  at  the  time,  that  the  action 
of  the  correlative  forces  is  changed  thereby,  and  there  would  be  a 
tendency  for  the  partially  developed  foliage  leaves  to  form  spo- 
rangia ;  then,  when  growth  has  proceeded  for  a  time,  this  balance  is 
again  changed. 

The  theory  that  the  foliage  leaves  of  the  sporophyte  have  been 
derived  by  a  process  of  sterilization,  and  that  the  transformation 
of  sporophyils  to  foliage  leaves  in  an  individual,  indicates  the  mode 
of  progress  in  this  sterilization,  does  not  necessarily  involve  the 
idea  that  the  sporophyll  of  any  of  the  ferns,  as  they  now  exist, 
was  the  primary  form  of  the  leaf  in  that  species,  and  that  by  ster- 
ilization of  some  of  the  sporoph}  lis,  the  present  dimorphic  form 
of  the  leaves  was  brought  about.  The  process  of  the  evolution 
of  the  leaf  has  probably  been  a  gradual  one  and  extends  back  to 
some  ancestral  form  now  totally  unknown.  One  might  differ  from 
Professor  Bower  in  the  examples  selected  by  him  to  illustrate  the 
course  of  progress  from  a  simple  and  slightly  differentiated  sporo- 
phyte to  that  exhibited  in  the  various  groups  of  the  Pteridophyta. 
But  it  seems  to  me  that  he  is  right  in  so  far  as  his  contention  for 
the  evolution  of  vegetative  and  assimilatory  members  of  the  spor- 
ophyte, can  be  illustrated  by  a  comparison  of  the  different  degrees 
of  complexity  represented  by  it  in  different  groups,  and  that  this 
illustrates  the  mode  of  progress,  as  he  terms  it,  in  the  sterilization 
of  potential  sporogenous  tissue. 

On  this  point  it  appears  that  Professor  Bower  has  been  unjustly 
criticised.  The  forms  selected  to  illustrate  his  theory  were  chosen 
not  to  represent  ancestral  forms,  or  direct  phylogenetic  lines,  but 
solely  for  the  purpose  of  illustrating  the  gradual  transference  of 
spore- bearing  tissue  from  a  central  to  a  peripheral  position,  and 
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the  gi  adaal  eraption  and  separation  of  spore-bearing  areas,  with 
the  final  sterilization  of  some  of  these  oatgrowths. 

To  maintain  that  in  phylogeny  the  sporophyll  is  a  transformed 
foliage  leaf,  would  necessitate  the  predication  of  ancestral  plants 
with  only  foliage  leaves,  and  that  in  the  case  of  these  plants  the 
vegetative  condition  of  the  sporophyte  was  the  primary  one,  spore 
production  being  a  later  developed  function.  Of  the  forms  below 
the  Pteridophyta,  so  far  as  our  present  evidence  goes,  the  sporo- 
phyte originated  through  what  Bower  calls  the  gradual  elaboration 
of  the  zygote.  All  through  the  Bryophyta  wherever  a  sporophyte 
is  developed,  spore  production  constantly  recurs  in  each  cycle  of 
the  development,  and  yet  there  is  no  indication  of  any  foliar  or- 
gans on  the  sporophyte.  The  simplest  forms  of  the  sporophyte 
contain  no  assimilatory  tissue,  but  in  the  more  complex  forms  as- 
similatory  tissue  is  developed  to  some  extent,  showing  that  the 
correlative  forces,  which  formerly  were  so  balanced  as  to  confine 
the  vegetative  growth  to  the  gametophyte,  and  fruiting  to  the  spo- 
rophyte, are  later  changing ;  that  vegetative  growth  and  assimila- 
tion are  being  transferred  to  the  sporophyte ;  while  the  latter  still 
retains  the  function  of  spore  production,  though  postponed  in  the 
ontogeny  of  the  plant. 

If  we  cannot  accept  some  such  theory  for  the  origin  of  sporo- 
phylls  and  foliage  leaves,  by  gradual  changes  in  potentially  spor- 
ogenous  tissue  somewhat  on  the  lines  indicated  by  Bower,  it  seems 
to  me  it  would  be  necessary,  as  already  suggested,  to  predicate  an 
ancestral  form  for  the  Pteridophyta  in  which  spore  production  was 
absent.  That  is,  spore  production,  in  the  sporophyte  of  ancestral 
forms  of  the  Pteridophyta,  may  never  have  existed  in  the  early 
period  of  its  evolution,  and  spore  production  may  have  been  a  lat- 
er development.  But  this,  judging  from  the  evidence  which  we 
have,  is  improbable,  since  the  gametophyte  alone  would  then  be 
concerned  in  transmitting  hereditary  characters,  unless  the  spo- 
rophyte through  a  long  period  developed  the  gametophyte  stage 
through  apospory.  Bower  says  in  taking  issue  with  Goebel's  state- 
ment that  the  experiments  on  Onoclea  prove  the  sporophyll  to  be 
a  transformed  foliage  leaf :  **'  I  assert,  on  the  other  hand,  that  this 
is  not  proved,  and  that  a  good  case  could  be  made  out  for  priority 
of  the  sporophyte ;  in  which  event  the  conclusion  would  need  to 
be  inverted,  the  foliage  leaf  would  be  looked  upon  as  a  sterilized  spo- 
rophyll.    This  would  be  perfectly  consistent  with  the  correlation 
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demonstrated  by  Professor  Goebel's  experiments,  as  also  with  the 
intercalation  of  a  vegetative  phase  between  the  zygote  and  the 
production  of  spores."  In  another  place  he  says :  '^  To  me,  whether 
we  take  such  simple  cases  as  the  Lycopods  or  the  more  complex 
case  of  the  Filicineee,  the  sporangium  is  not  a  gift  showered  by  a 
bountiful  providence  upon  preexistent  foliage  leaves:  the  spo- 
rangium, like  other  parts,  must  be  looked  upon  from  the  point  of 
view  of  descent ;  its  production  in  the  individual  or  in  the  race 
may  he  deferred,  owing  to  the  intercalation  of  a  vegetative  phase, 
as  above  explained ;  while,  in  certain  cases  at  least,  we  probably 
see  in  the  foliage  leaf  the  result  of  the  sterilization  of  sporophylls. 
If  this  be  so,  much  may  be  then  said  in  favor  of  the  view  that  the 
appeartince  of  sporangia  upon  the  later-formed  leaves  of  the  in- 
dividual is  a  reversion  to  a  more  ancient  type  rather  than  a  meta- 
morphosis of  a  progressive  order." 

As  I  have  endeavored  to  point  out  in  another  place  ('96),  if  a 
disturbance  of  these  correlative  processes  results  in  the  transfer- 
ence of  sporophyllary  organs  to  vegetative  ones  on  the  sporophyte 
'^  why  should  there  not  be  a  similar  influence  brought  to  bear  on 
the  sporophyte,  when  the  same  function  resides  solely  in  the  gam- 
etophyte,  and  a  disturbing  element  of  this  kind  is  introduced  ?  To 
me  there  are  convincing  grounds  for  believing  that  this  influence 
was  a  very  potent,  though  not  the  only  one  in  the  early  evolution 
of  sporophytic  assimilatory  oi^ans.  By  this  I  do  not  mean  that 
in  the  Bryophyta,  for  example,  injury  to  the  gametophyte  would  now 
produce  distinct  vegetative  organs  on  the  sporophyte,  which  would 
tend  to  make  it  independent  of  the  gametophyte ;  but  that,  in  the 
bryophtye-like  ancestors  of  the  pteridophytes,  an  influence  of  this 
kind  did  actually  take  place  appears  to  me  reasonable. 

^^  In  the  gradual  passage  from  an  aquatic  life,  for  which  the 
gametophyte  was  better  suited,  to  a  terrestrial  existence  for  which 
it  was  nnadapted,  a  disturbance  of  the  correlative  processes  was 
introduced.  This  would  not  only  assist  in  the  sterilization  of  some 
of  the  eporogenous  tissue,  which  was  taking  place,  but  there  would 
also  be  a  tendency  to  force  this  function  on  some  of  the  sterilized 
portions  of  the  sporophyte,  and  to  expand  them  into  organs  better 
adapted  to  this  office.  As  eruptions  in  the  mass  of  sporogenous  tis- 
sue took  place  and  sporophylls  were  evolved,  this  would  be  ac- 
companied by  the  transference  of  the  assimilatory  function  of  the 
gametophyte  to  some  of  these  sporophylls." 
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Because  sporopliytic  vegetation  is  more  suited  to  dry  land  con- 
ditiODS  than  the  gametophytic  vegetation,  it  has  come  to  be  the 
dominating  feature  of  land  areas.  Because  the  sporophyte  in  the 
Pteridophyta  and  Spermatophyta  leads  an  independent  existence 
from  the  gametophyte,  it  must  possess  assimilatory  tissue  of  its 
own,  and  this  is  necessarily  developed  first,  in  the  ontogeny ;  but  it 
does  not  necessarily  follow,  therefore,  that  the  foliage  leaf  was  the 
primary  organ  in  the  phylogeny  of  the  sporophyte.  The  provision 
for  the  development  of  a  large  number  of  spores  in  the  thallophytes, 
so  that  many  may  perish  and  still  some  remain  to  perpetuate  the 
race,  is  laid  hold  on  by  the  bryophytes  where  the  mass  of  spore- 
bearing  cells  increases  and  becomes  more  stable,  for  purposes  of 
the  greatest  importance.  Instead  of  perishing,  some  of  the  spo- 
rogenous  tissue  forms  protecting  envelopes,  then  supporting  and 
conducting  tissue  and,  finally,  in  the  pteridophytes  and  spermato- 
phytes,  nutritive  and  assimilatory  structures  are  developed.  Natui*e 
is  prodigal  in  the  production  of  initial  elementary  structures  and 
organs  ;  but,  while  making  abundant  provision  for  the  life  of  the 
organism  through  the  favored  few,  she  has  learned  to  turn  an  in- 
creasing number  of  the  unfavored  ones  to  good  account.  Acted 
upon  by  external  agents  and  by  internal  forces,  and  a  changing 
environment,  advance  is  made,  step  by  step,  to  higher,  more  stable 
and  prolonged  periods. 

While  we  have  not  yet  solved  any  one  of  these  problems,  the  re- 
sults of  experimental  morphology  are  sufl9cientto  indicate  the  great 
importance  of  the  subject  and  the  need  of  fuller  data  from  a  much 
larger  number  of  plants.  If  thus  far  the  results  of  experiments 
have  not  been  in  all  cases  sufl9cient  to  overthrow  the  previous  no- 
tions entertained  touching  the  subjects  involved,  they  at  least  show 
that  there  are  good  grounds  for  new  thoughts  and  new  interpreta- 
tions, or  for  the  amendment  of  the  existing  theories.  While  there 
is  not  time  for  detailing,  even  briefly,  another  line  of  experiment, 
viz.,  that  upon  leaf  arrangement,  I  might  simply  call  attention  to 
-the  importance  of  the  experiments  conducted  by  Schumann  ('89) 
and  Weisse  from  the  standpoint  of  Schwendener's  mechanical  the- 
ory of  leaf  arrangement  (78).  Weisse  ('94)  shows  that  the  va- 
lidity of  the  so-called  theory  of  the  spiral  arrangement  of  the  leaves 
on  the  axis  may  be  questioned,  and  there  are  good  grounds  for  the 
opening  of  the  discussion  again.  It  seems  to  me,  therefore,  that 
the  final  judgment  upon  either  side  of  all  these  questions  cannot 
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now  be  given.  It  is  for  the  purpose  of  bringing  fresh  to  tho  minds 
of  the  working  botanists  the  importance  of  the  experimental  method 
in  dealing  with  these  problems  of  nature,  that  this  discussion  in 
presented  as  a  short  contribut  ion  to  the  subject  of  experimental 
morphology  of  plants. 
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TrILUUM  ORANDIFLORUM     (MiCHX.)   SaUSB.  ;     ITS    VARIATIONS,    NORMAL 

AND  TSRATOLooiCAL.      By  Prof.  Charlbs  A.  Davis,  Alma  College, 
Alma,  Michigan. 

Ths  variations  from  the  typical  plant,  as  described  in  the  sixth  edition 
of  Gray's  Manual  of  Botany,  are  such  as  are  found  in  every  plant,  viz. : 
in  shape  of  leaves  and  parts  of  the  flower,  and  in  the  length  of  petioles, 
which  are  frequently  one-half  inch  or  more  long,  and  of  the  pedicels.  In 
teratological  specimens,  which  are  of  very  frequent  occurrence,  the  type 
is  departed  from  entirely  and  some  or  all  the  organs  may  be  more  or  less 
changed  in  the  same  specimen.  The  most  common  change  is  that  in  which 
the  petals  are  striped  with  green,  varying  from  slight  green  veining  to  the 
entire  disappearance  of  white.  The  green  tissue  is  more  compact  than  the 
white  and  there  is  frequently  a  notable  alteration  from  the  normal  outline 
of  the  petals  in  such  specimens.  The  striping  of  the  petals  is  usually 
accompanied  by  a  greater  or  less  elongation  of  the  petioles  and  pedicels 
and  a  decrease  in  size  of  the  blades  of  the  leaves  and  an  entire  change  of 
their  characteristic  shape.  In  most  cases  also,  there  is  a  profound  alter- 
ation in  the  essential  organs  of  the  flower,  the  stamens  becoming  much 
less  freely  polleniferous,  with  an  Increase  in  the  thickness  of  the  connec- 
tive, while  the  pistils  become  sterile  and  bear  no  ovules,  or  revert  entirely 
to  the  leaf  form.  The  sepals  are  rarely  aflbcted  by  any  change,  bat  in  one 
case  examined  they  were  all  white  and  in  several  they  were  slightly  stalked. 
The  length  of  the  petiole  in  teratological  specimens  varies  from  nothing 
to  several  inches  and  in  one  case  the  leaves  were  long  petioled  from  the 
rootstock  and  in  many  the  stem  of  the  plant  was  reduced  to  the  short 
portion  under  ground.  Specimens  amounting  to  about  twenty  per  cent 
of  those  examined  were  entirely  without  leaves  or  with  leaves  represented 
by  small  bracts  low  down  on  the  stem.  In  such  specimens  the  sepals  were 
usually  larger  than  normal.  The  pedicel  may  be  entirely  wanting  or  may 
be  several  inches  long  from  the  rootstock.  The  stamens  are  least  alfected 
of  all  the  organs,  only  about  one  per  cent  showing  complete  atrophy,  all 
others  from  the  specimens  examined  containing  normal  pollen  but  usually 
reduced  in  quantity.  The  pistils  show  great  variety  of  change,  the  sim- 
plest being  absence  of  ovules,  the  most  common  also.  From  this  all  gra- 
dations of  alteration  have  been  found  to  fully  expanded  green  leaves. 

(271) 
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Both  pistils  and  stamens  were  frequently  elongated  and  the  ovary  Is  some- 
times long  stalked  and  in  place  of  ovules  frequently  contained  small  leaf- 
like  bodies  usually  three  in  number  rolled  up  Inside  of  It.  The  carpels 
were  frequently  only  partly  united.  DoubliDg  of  the  floral  organs  was 
noted  in  a  number  of  cases  and  in  some  both  stamens  and  pistil  were  ab- 
sent. The  number  of  leaves  in  a  whorl  may  be  two  or  four  throughout 
the  entire  plant.  Doubling  of  the  number  of  parts  of  all  whorls  was 
noted  in  some  leafless  specimens,  the  flower  resembling  a  green  rosette. 
In  a  single  specimen  the  leaves  were  arranged  In  a  spiral  around  the  stem. 
More  than  four  hundred  of  these  specimens  collected  in  a  single  locality 
have  been  examined  and  di^seribed  and  some  of  the  most  remarkable 
changes  figured.  The  writer  does  not  attempt  to  account  for  the  peculiar 
instability  of  the  species,  but  it  does  not  seem  to  be  pathological,  for  not 
rarely  a  double  terminal  bud  of  a  single  rootstock  will  produce  one  typical 
and  one  teratological  specimen. 

They  may  be  attempts  on  the  part  of  the  plant  to  adjust  itself  to  un- 
suitable environment  or  simply  reversions  to  ancestral  forms.  The  fact 
that  fertile  stamens  are  present  in  nearly  all  teratological  specimens  ad- 
mits of  the  crossing  of  such  forms  with  typical  and  normal  forms  and 
the  perpetuation  of  them. 

[This  paper  will  be  printed  In  the  Bulletin  of  the  Torrey  Botanical 
anb.] 


A  DISCUSSION   OF   THB  STRUCTURAL  CHARACTERS  OF  THB  OBDKR  YEXlZtSEM 

OF  SCHR(ETBR.     By  Dr.  E.  J.  DuRAKD,  Comell  University,  Ithaca, 
N.  Y. 

The  structural  characters  used  by  Scliroeter,  Rehm  and  others  as  a 
basis  for  separating  the  order  into  families  is  discussed  in  the  light  of 
some  recent  studies  by  the  author  along  the  same  lines. 


The  taxonomic  value  ok  fruit  characters  in  the  genus   Galium. 
By  Karl  M.  Wiegand,  Cornell  University,  Ithaca,  N.  Y. 

It  Is  natural  to  expect  that  orders  closely  related  to  the  Umbelliferc 
should  also  show  considerable  fruit  variation  among  the  genera  at  least 
and  even  among  the  species  of  the  same  genera.  This  is  true  of  the 
genus  Galium.  Charactern  have  already  been  found  by  means  of  which 
sub-groups  in  the  genus  can  be  established ;  but  even  the  fruits  of  closely 
related  species  seem  to  show  minor  variations. 

The  fruits  of  Galium  are  bicarpellary  and  two-seeded.  Each  carpel  is 
nearly  distinct  from  its  neighbor  iind  closely  invests  the  seed  which  it 
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contains.  At  maturity  ttie  carpellary  coat  is  very  thin,  consisting  of  only 
three  or  four  layers  of  cells.  The  most  important  structure  from  a  tax- 
onomic  point  of  view  is  the  peculiar  seed.  This  consists  of  a  dense  horny 
endosperm  in  which  is  imbedded  the  slender,  but  comparatively  well  de- 
veloped embryo.  It  is  in  the  endosperm  that  we  find  ihe  greatest  varia- 
tion. This  in  general  is  saucer-shaped  or  cup-shaped  with  the  opening 
toward  the  axis  of  the  fruit.  In  G.  trifidum  and  O.  tinctorium^  the  edges 
of  this  cup  are  still  farther  extended  nntil  they  almost  meet,  thus  forming 
a  spherical  endosperm  entirely  enclosing  the  space  within  except  for  a 
minute  pore  at  the  inner  angle  by  means  of  which  communication  is  es' 
tablished  with  the  exterior.  In  G.  lanceolatum,  circonsanSy  palustre  and 
others  the  endosperm  is  strictly  cup-shaped,  while  in  G.  asprellum  and 
G.  trijlorium  the  groove  is  still  farther  reduced  so  that  in  the  latter  species 
the  endosperm  is  nearly  spherical  and  solid.  In  all  cases,  the  space  not 
occupied  by  the  endosperm  is  at  first  filled  by  the  seed  coat.  This  at  length 
breaks  down  in  case  of  the  hollow  spherical  endosperm,  leaving  an  air 
chamber  in  the  mature  fruit. 


Rkport  upon  the  progress  of  the  Botanical  Survey  of  Nebraska. 
By  Prof.  Chaklks  E.  Rbssey,  University  of  Nebraska,  Lincoln, 
Nebraska. 

Brief  history  of  the  survey,  followed  by  an  account  of  the  work  ac- 
complished and  the  publications  issued. 

The  survey  was  formally  organized  in  1892,  by  the  Botanical  Seminar 
of  the  University  of  Nebraska,  since  which  it  lias  brought  touether  a 
Survey  Herbarium  of  more  than  10,000  specimens;  published  **  Reports" 
I,  II,  III  and  IV,  including  descriptions  of  new  species  and  lists  of  addi- 
tions; published  parts  I,  II  and  XXI  of  the  ''Flora  of  Nebraska,"  etc.. 
etc.  The  total  number  of  species  now  known  to  occur  in  the  state  is 
alH>ut  3,400. 

[This  paper  will  be  printed  in  The  Plant  World  for  Jan.  or  Feb.,  18U8.] 


Bacteriosis  of  carnations.  By  Albert  F.  Woods,  Assistant  Chief, 
Division  of  Vegetable  Physiology  and  Pathology,  U.  S.  Dept.  of 
Agriculture,  Washington,  D.  C. 

A  DISEASE  of  carnation  leaves  usually  mistaken  for  Bacteriosis  was 
shown  to  be  produced  by  the  puncture  of  aphides  and  thrips.  The  spots 
on  the  leaves  start  as  minute  clear  dots,  which  may  be  readily  seen  when 
the  leaf  is  held  up  to  the  light.  The  dots  increase  slowly  in  size  Hud  often 
rnn  t'>gether,  the  involved  cells  becoming  oddemic.     Finally  the  cedemic 
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cells  collapse  and  dry  otit,  producing  a  whitish,  sunken  spot.  In  the 
earlier  stnges  of  the  trouble  these  spots  do  not  contain  parasitic  organisms 
of  any  kind,  but  may  become  Infested  by  several  fungi  and  bacti-ria  after 
the  death  of  the  cells.  All  varieties  of  carnations  studied  react  in  this 
way  to  the  punctures  of  aphides  and  thrips,  but  some  varieties  more  than 
others. 

[This  paper  was  accompanied  by  specimens  and  photographs.     It  is 
printed  in  the  Botanical  Gazette  for  September,  1897.] 


Wakker'8  hyacinth  bactkrium.     By  Dr.  Erwin  F.  Smith,  Assistant 
Pathologist,  Washington,  D.  C. 

Wakkkr*8  studies  of  the  bacterial  disease  of  hyacinths  were  made  in 
the  Netherlands  during  the  years  1882  to  1885.  He  published  five  papers 
on  this  subject,— one  in  German,  three  in  Dutch,  and  one  in  French. 
With  the  exception  of  a  purely  histological  paper  by  Prillleux,  on  a  sup- 
posed bacterial  disease  of  wheat  and  some  preliminary  work  on  pear 
blight  by  Burrill,  Wakker's  first  paper  (Botanisches  CentrdlblaU,  1888)  is 
the  earliest  publication  of  any  importance  on  a  bacterial  plant  disease. 
Dr.  Wakker's  papers  attracted  widespread  attention  both  from  their  appar- 
ent thoroughness  and  because,  at  that  time,  it  was  very  generally  believed 
thai  bacterial  diseases  were  confined  to  animals. 

Since  1885  no  botanist  or  bacteriolo«;ist  seems  to  have  reexamined  this 
hyacinth  disease  until  the  subject  was  taken  up  by  the  writer  in  1896. 
Diseased  bulbs  were  procured  from  Holland,  and  a  careful  study  made  to 
determine  how  far  Wakker*s  interesting  statements  would  be  borne  out 
by  another  investigator  working  with  modem  appliances.  This  paper  gives 
the  result  of  experiments  during  the  past  ten  months.  In  the  main,  my 
work  confirms  that  of  Wakker.  The  organism  which  he  isolated  is  the 
cause  of  the  disease  and  the  symptoms  in  my  inoculated  plants  progressed 
in  the  identical  way  described  by  him.  The  organism  is  entirely  different 
from  that  isolated  by  Heinz  and  named  B.  hyadrUhi  s^ici,  although  the 
two  have  been  confused  by  various  writers.  My  studies  have  not  only 
confirmed  Wakker's  statements  respecting  the  pathogenic  nature  of  the 
organism  and  the  peculiar  symptoms  it  produces,  but  have  also  greatly 
extended  our  knowledge  of  its  biology,  have  brought  to  light  its  relation- 
ships, and  have  incidentally  led  to  the  discovery  of  one  or  two  errors  in 
Wakker'sdescriptlon,— errors  resulting  from  the  imperfect  methods  of 
isolation  in  vogue  at  that  time.  The  organism  has  one  polar  flagellum 
and  belongs  in  Doctor  Miguls*  genus  Pseudomonas. 


Arb  thr  trees  rbcbdimo  from  thb  Kbbraska  plains?    By  Prof.  Crarlbs 
B.  Bessey,  University  of  Nebraska,  Lincoln,  Neb. 

There  are  sixty-five  species  of  native  trees  in  the  state;  of  these  fifty- 
six  have  entered  from  the  southeast,  while  but  nine  have  come  down  from 
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the  Rocky  Monntains.  A  careful  examination  of  some  of  these  seems  to 
show  that  they  are  still  advancing,  e,  g.j  the  bar>oak  from  the  southeast 
anil  the  pine  from  the  west.  Some  trees  are  at  a  standstill,  or  nearly  so. 
Xone  are  known  to  be  receding. 

[This  paper  was  illustrated  by  diagrams.    It  will  be  printed  in  Gar- 
den and  Forest,  Nov.  17,  1897.] 


RSPBODDCTITX  ORGANS  AKD  BMBSYOLOGY  OF  DBOSBRA.     By  Prof.  C.  A. 

Peters,  Edlnboro,  Pa. 

These  Investigations  were  carried  on  in  the  Botanical  Laboratory  of 
the  University  of  Michigan,  during  the  year  1896-7.  The  object  was  to 
(rain  some  knowledge  of  the  embryology  of  this  family  of  plants  and  to 
learn  something  of  the  phenomena  of  nuclear  division  in  this  particular 
species. 

The  ovules  are  finally  anatropous  and  are  attached  along  a  thick  cushion 
of  tissue  in  the  region  of  the  midrib  of  the  carpellary  leaves.  Each  nu- 
cellus  produces  a  sporogenous  layer  of  four  cells  but  no  tapetum.  Three 
cells  of  the  sporogenous  tissue  soon  disintegrate  leaving  the  fourth  which 
is  the  mother  cell  of  the  embryo  sac  and  which  undergoes  subsequent  cell 
division  as  is  usual  in  angiosperms. 

The  microsporangium  produces  a  tapetum  which  originates  and  disap- 
pears in  a  manner  strikingly  similar  to  the  sporogenous  t  issue  of  the  ovule. 
From  the  first  division  of  the  pollen  mother  cell  are  produced  two  cells 
lying  in  close  proximity  which  soon  divide  thus  producing  the  tetrads. 
The  first  spindle  disappears  before  the  second  two  are  formed.  We  have 
here  then,  in  this  respect,  a  process  which  corresponds  to  the  monocoty- 
ledonous  type. 

In  the  development  of  the  eraDryo  a  suspensor  consisting  of  but  two 
cells  Is  produced.  Otherwise  the  development  is  In  accordance  with  well 
known  types  of  other  dicotyledons  except  in  a  few  minor  points. 

In  preparation  for  cell  division  in  the  sporophyte  the  chromatin  does 
not  form  a  double  thread  either  by  the  union  of  two  threads  or  the  split- 
ting of  one,  but  accumulates  in  certain  areas  into  larger  granules  which 
finally  unite  producing  sixteen  rectangular  prismatic  chromatin  bodies. 
These  take  positions  in  the  equatorial  plane  against  the  nuclear  membrane 
where  the  sixteen  bodies  are  united  into  eight  double  bodies  or  chromo- 
somes. In  the  reduction  divisions  the  chromatin  is  collected  into  only 
half  as  many  bodies  in  each  of  the  stages  corresponding  to  those  of  the 
r>rd1nary  division. 


The  development  ok  the  seed  of  Mklampyrum  pratensk  and  of 
Croton  tiolium.  By  Prof.  J.  O.  Schlottkrbbck,  University  of 
Michigan,  Ann  Arbor,  Mich. 

Thk  general  features  of  seed  development  are  so  well  known  that  a 
review  of  them  here  will  be  omitted. 
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The  partial  parasite  Melampyrum  pratense  is  in  some  localities  of  mid- 
dle Europe  a  dangerous  pest  to  the  farmer.  The  seed  finds  no  practical 
application,  bnt  is  of  interest  because  it  often  finds  its  way  into  threshed 
wheat  and  may,  by  decomposition  of  the  colorless  glucoside  rhinanthin 
which  it  contains,  cause  a  blue  coloration  of  bread. 

The  ripe  seed  is  oval  in  form,  about  six  mm.  long  and  a  little  curTed. 
At  the  base  of  the  seed  there  is  a  dark  brown,  conical,  spongy  appendage 
which  is  easily  broken  from  the  lighter  colored,  tough  mass  of  the  seed. 
Tfie  whole  is  covered  with  a  thin,  finely  striated,  papery  membrane,  which 
is  composed  of  only  one  layer  of  cells. 

Nees,  the  younger,  and  M.  Bentham  applied  the  name  strophiole  to  the 
conical  appendage,  while  Nobbe  called  it  a  caruncle.  The  appendage, 
together  with  the  thin  enveloping  membrane,  was  termed  an  arillus  by 
Nees  the  younger.  The  raphe  of  Nees  and  Endlicher  is  nothing  more 
than  a  dark  ridge  running  from  the  hilum  to  the  micropyle,  having  no 
connection  whatever  with  the  funiculus  of  the  seed.  Finally,  the  light 
colored,  smooth,  tough  mass  of  the  8eed  is  called  the  seed  coat,  or  testa, 
by  Moeller,  while  he  fails  to  state  the  origin,  or  province,  of  the  thin 
membrane  which  surrounds  it.  To  clear  up  these  contradictory  inter- 
pretations was  the  object  of  the  study  of  the  first  mentioned  seed. 

Alcohol  material  was  found  to  be  practically  worthless  because  of  the 
<1arkening  of  the  tissues  caused  by  the  dccompoaitloit  of  the  colorless  gla- 
coside  before  mentioned ;  therefore,  the  study  was  pursued  upon  fresh 
growing  material. 

The  flatly  ovate  ovary,  which  is  about  1.6  mm.  long  always  possesses 
at  its  base  a  rather  large,  staple- shaped  gland,  or  nectary,  which,  in  a  very 
recent  work,  has  been  called  a  young  ovule.  The  youngest  ovules  exam- 
ined, about  200  nilcromillimeters  long,  show  an  anatropous  form  and  only 
one  integument.  In  a  later  s.tage  the  micropyle  appears  opposite  to  where 
we  should  naturally  expect  it.  In  this  stHge,  too,  we  see  the  beginning  of  a 
cavity  of  lysigenous  origin  containing  plasma  and  nuclei  at  the  base  of 
the  ^embryo  sac.  This  peculiar  cavity  remains  conspicuous  throughout 
the  entire  development,  but  becomes  almost,  if  not  entirely,  obliterated 
in  the  mature  seed.  What  its  function  is  to  the  developing  ovule  has  not 
been  determined. 

The  nucellus  at  no  time  contains  more  than  one  layer  of  cells,  and  it 
becomes  entirely  absorbed  shortly  after  fertilization  of  the  ovule.  The 
embryo  sac  is  at  first  a  mere  tube,  almost  capillary  in  diameter ;  but,  as  de- 
velopment proceeds,  there  is  an  enormous  production  of  endosperm  with 
consequent  enlargement  of  the  embryo  sac.  The  capillary  micropyle, 
which  is  almost  straight  in  the  youngest  stages  of  the  ovule,  curves  back- 
ward in  the  later  stages  to  such  an  extent  that  its  orifice  is  shifted  from 
the  apex,  or  the  usual  position,  to  the  middle  of  the  funiculus  side  of  the 
ovule. 

The  well-developed  endosperm  soon  sufiiers  a  constriction  near  its  lower 
end.  The  lower  smaller  portion  develops  into  the  brownish,  spongy  con- 
ical appendage,  which  has  been  so  variously  and  wrongly  designated. 
The  upper  larger  portion  develops  into  thick- walled,  cellular  tissue,  and 
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becomes  gor|;ed  with  alenrone  and  fixed  oil.  The  single  integument, 
which  usually  ne^er  exceeds  ten  rows  of  cells  in  thickness,  finally  becomes 
absorbed  with  the  exception  of  the  epidermis,  which  remains  to  envelop 
the  iLernel  of  the  se^d.  Attached  to  the  side  of  the  conical  appendage  is 
a  short,  thick  funiculus,  which  is  seldom  present,  however,  on  the  com- 
mercial seed.  The  thin  coat,  which  entirely  surrounds  the  seed,  is  so 
easily  removed  by  friction  that  many  seeds  are  apparently  composed  of 
only  the  naked  endosperm ;  therefore,  the  true  endosperm,  which  Is  mainly 
composed  of  reserve  cellulose,  or  Moeller's  so-called  seed  coat,  acts  as 
the  protective  organ  for  the  small  embryo. 

A  peculiar  feature  of  the  cells  of  the  seed  coat  is  that  the  substance  of 
their  large  nuclei  is  arranged  in  such  a  manner  as  to  form  very  distinct 
reticula  of  anastomosing  threads. 

To  sum  up,  then,  we  have  In  this  seed  of  Melampyrum  pratense  not  a 
strophiole,  which  is  an  enlargement  of  the  outer  integument  along  the 
raphe ;  nor  a  caruncle,  which  is  an  hypertrophy  of  the  outer  seed  coat  at 
the  micropyle;  nor  an  arillus,  which  is  a  modified  funiculus;  but  a  mass 
of  degeoerated  endosperm  which  is  loosely  attached  to  the  main  part  of 
the  seed  and  is  easily  removed  from  it. 

In  certain  particulars  this  seed  in  very  similar  to  the  coffee  seed.  The 
thin  membrane,  or  seed  coat,  corresponds  to  the  membrane  which  en- 
closes the  coffee  seed  and  Is  folded  together  In  the  well-known  cleft.  The 
substance  of  the  emlosperm  Is  likewise  composed  of  reserve  celullose,  as 
Is  the  case  in  the  coffee  seed. 

CROTON  TIOLIUM. 

Having  come  Into  possession  of  valuable  alcohol  material  of  different 
stages  of  the  seed  of  Croton  Tiglium^  its  study  was  taken  up  to  compare 
its  development  with  that  of  the  seed  of  its  near  relative,  the  castor-oil 
seed.  In  morphological  characters,  the  croton-oil  seed  is  very  similar  to 
that  of  the  cnstor-oil  seed.  Both  possess  a  very  hard,  thick,  protective 
shell,  outside  of  which  there  is  a  thin,  more  or  less  soft  coat,  which  has 
more  than  once  been  called  an  aril  lode.  The  caruncle  of  ihe  castor-oil 
seed  is  usually  present  in  the  commercial  article,  while  that  of  the  croton- 
oll  seed  usually  falls  off  at  maturity.  Finally,  the  outer  coat  of  castor- 
oil  seed  is  mottled  with  irregular  areas  dark  brown  and  white  In  color, 
while  in  the  croton-oil  seed  it  Is  spongy  and  cinnamon  brown  in  color. 
The  ovule  of  Croton  Tiglium  is  like  that  of  Bicinus  communis^  anatropous 
in  form  with  two  integuments,  the  inner  one  being  twice  the  thickness  of 
the  outer  one.  The  vascular  strand  of  the  funiculus,  after  passing  through 
the  chalaza  into  the  inner  integument,  branches  profusely,  is  quite  clo>ely 
applied  to  the  epidermis  of  the  inner  Integument  and  reaches  way  up  to 
the  endostom.  The  nucellus,  which  is  cylindrical  and  very  long,  reaches 
out  of  the  micropyle,  and  after  suffering  a  slight  bend  is  partially  em- 
braced by  the  obdurator.  This  peculiar  condition  gives  at  first  the  im- 
pression of  a  large  pollen  tube,  but  its  cellular  structure  precludes  the 
possibility  of  this  interpretation.    The  embryo  sac  is  globular  at  its  base 
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and  Ih  drawn  out  to  the  tip  of  the  nncellus  like  a  capillary  tube.  A  thoron^h 
search  of  the  literature  on  seed  development  revealed  only  one  other  case 
where  the  nucellus  behaved  in  a  similar  manner,  and  that  is  In  the  seed  of 
Croton  flavens,  which  was  first  reported  by  Keyser.  This  anomaly  reminds 
one  very  much  of  the  ovules  of  Torenia  asiatica,  and  Santalum  album, 
where  the  embryo  sac  alone,  and  not  the  nucellus,  protmdes  from  the 
micropyle. 

It  is  not  at  all  improbable  that  this  unusual  growth  of  the  nucellus  will 
be  found  to  pervade  the  ovules  of  all  plants  of  the  genus  Groton.  At  any 
rate,  it  would  be  highly  interesting  and  profitable  to  compare  the  develop- 
ment of  all  its  species.  As  to  the  reason  of  this  peculiar  nucellus  growth, 
I  am  of  the  opinion  that  it  is  for  the  purpose  of  securing  for  the  ovule 
certain  fertilization,  and  that  it  is  not  a  useless  phenomenon. 

After  fertilization,  the  micropyle  gradually  constricts  the  nucellus 
within  it  so  that  the  portion  protruding  dies  and  is  thrown  off.  In  the 
mature  seed  the  nucellus  is  completely  absorbed.  With  the  further  de- 
velopment of  the  ovule  we  see  the  inner  inte<i:ument  becoming  obliterated 
and  absorbed  to  such  an  extent  that  practically  nothing  remains  but  the 
epidermis,  which  eventually  becomes  so  thick  as  to  produce  the  hard  shell 
which  is  found  in  the  ripe  seed.  The  cells  of  this  epidermis  of  the  inner 
seed  coat  are  composed  of  thickened,  lignifled  macro-sclereidn,  which  are 
from  fifteen  to  twenty  times  as  long  as  they  are  tliick.  Inside  of  this  shell- 
like seed  coat  there  is  a  thin,  almost  white,  layer  of  collapsed  tissue  of  the 
inner  integument,  which  is  usually  designated  as  the  tegroen.  The  outer 
integument  remains  quite  intact  throughout  the  entire  development,  that 
is,  the  cellM  of  its  tissue  do  not  suffer  any  absorption.  The  tissue  between 
the  inner  and  outer  epidermis  becomes  collapsed  however  to  such  an  ex- 
tent, that  a  cross  section  shows  scarcely  more  than  the  tablet-shaped  ceils 
of  the  outer  epidermis  and  the  shor)^  delicate  palisade  cells  of  the  inner 
epidermis. 

The  cotyledons  are  very  thin,  leaf -like  in  structure,  and  are  imbedded 
in  endosperm  rich  in  Hieurone  and  croton  oil.  In  general  the  structure  of 
the  mature  seed  is  practically  the  same  as  that  of  the  castor  oil  seed.  The 
most  important  distinguishing  feature  then  of  the  developing  croton-oil 
seed  is  the  peculiar  prolongation  of  the  nucellus  mentioned. 


Contribution  on  wild  and  cultivated  rosks  of  Wisconsin  and  bor- 
DBRiNO  states.    By  J.  H.  ScHUETTB,  Grccn  Bay,  Wis. 

Thk  variability  of  the  roses  is  discouraging  and  debarring  to  the  study 
of  this  "queen  of  flowers"  — even  Eo8a  Carolina  and  blanda  interchange 
the  usually  constant  characters  of  their  sepals  and  pricks.  There  is  no 
diminution  of  this  difflculty  by  the  reduction  of  all  varieties  of  roses  to 
one  species ;  separation  into  good  species  or  distinguishable  varieties  Is 
the  best  way  of  advancing  our  knowledge  of  this  group. 
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Valuable  characters  are  furnished  by  the  armature  of  the  plant  and  the 
habit  of  the  sepals.  An  interchange  of  these  for  consecutive  seasons 
means  at  least  varfations  as  do  several  differences  in  other  characters  dis- 
played in  extensive  and  distant  localities.  Accidental  causes  are  usually 
limited. 

On  these  principles  the  additional  synoptical  tables  are  constructed. 
Some  remarks  may  be  allowed  on  a  few  species  and  some  more  Importnnt 
new  variations. 

Bo8<B  Sngelmanni  and  Sayi  are  closely  allied,  but  the  former  Is  distinct 
by  oblong  fruits  and  straight  fruit-pedicels.  B.  acicularioides :  Leaflet- 
teeth  serrulate ;  stipules  and  bracts  resinous-glandular  beneath,  compound- 
9tipitate-glandular  on  the  margins.  B.  blanda  nuda:  Unarmed;  sepals 
spreading ;  leaflets  short-pointed,  rather  finely  nerrate ;  stipules  scarcely 
enlarged,  glandular-toothed  as  are  the  liinceolate  bracts.  B.  blanda  glan- 
dulosa:  Unarmed;  fruits  oblong  or  obovate;  sepals  glandless;  rachis, 
stipules  and  bracts  glandular.  B.  blanda  subgeminata :  Prickly  to  the 
top;  twin-prickles  intermittent  and  irregular;  sepals  mostly  spreading. 
'  B,  blanda  carpohispida :  Prickles  as  in  last,  but  twins  none ;  receptacle 
and  pedicels  hispid. 

B.  Carolina  sepalorelevata :  Sepals  erect,  persistent ;  flowers  some  weeks 
earlier,  than  those  of  the  type.  B.  C.  inermis :  Nearly  unarmed,  often 
prickly  below;  sepals  mostly  spreading.  B,  C.  aculeata  and  lava  are 
more  strongly  armed  with  spines  and  prickles,  flowering  earlier  than  the 
type ;  receptacle  and  pedicels  nearly  glandless;  the  former  is  erect,  short- 
branched,  has  dilated  stipules ;  the  latter  spreading,  rather  long-branched, 
stipules  long,  upturned  in  the  lower,  gradually  flattened  in  the  upper  part. 


Drvelopmknt  of  thb  pollkn  of  Asclrpias  cornuti.    By  Fanny  E. 
Lanodon,  Ann  Arbor,  Mich. 

[Communicated  by  Prof,   V.  M.  Spalding, "] 

Thv  writer  describes  In  detail  the  developmental  history  of  the  poUinia 
of  AsclepUu  Cornuti,  Dec.,  as  studied  in  serial  sections,  corrects  the  ac- 
count of  Corry,  the  only  previous  writer,  as  to  the  formation  of  the  pollen 
mother  cells  and  of  the  outer  wall  of  the  poUinia,  and  discusses  the  slg- 
niflcance  of  certain  histological  changes  In  the  tapetuiti  not  hitheito  ob- 
serve<l  and  which  are  presumably  of  physiological  Importance.  The  paper 
forms  part  of  an  extended  study  of  the  morphology  of  Asclepias. 

[This  paper  was  illustrated  by  charts.  It  will  be  printed  In  The  An- 
nals of  Botany.] 
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Some  charagtkiustics  of  the  fooiuiix  vegetation  of  wkstbrn  Ne- 
braska. By  Prof.  Charles  E.  Besskt,  University  of  Nebraska, 
Lincoln,  Nebraska. 

The  fo<»thllI  region  is  an  elevated  plain  twelve  hundred  metres  or  more 
above  sea-level  upon  which  occur  two  uplifts,  which  run  out  eastward  from 
the  Wyoming  mountains;  viz.,  Pine  Rid«2e  on  the  north,  fifteen  hundred 
metres,  and  Cheyenne  Ridge  on  the  south,  seventeen  hundred  metres  above 
sea-level.  The  Box  Butte  plains  .are  covered  with  a  uniform  grass  for- 
mation, while  upon  Cheyenne  Ridge  occur  considerable  bodies  of  trees, 
mostly  of  pines,  with  red-cedar,  box- elder  and  others. 

[This  paper  will  be  printed  lu  the  American  Naturalist  for  December  or 
January] 


Ckli.uix>8k-fbr&iknt.      By  Prof.   Frederick  C.  Newcombk,  University 
of  Michigan,  Ann  Arbor,  Mich. 

HiTHKRio  a  cellulose-dissolving  enzyme  has  been  reported  as  extracted 
from  only  one  of  the  higher  plants,  namely,  from  the  malt  of  Hordeum 
vulgare,  unless  we  accept  the  claim  that  diastase  will  dissolve  cellulose. 
The  author  has  succeeded  In  extracting  such  a  ferment  from  the  cotyle- 
dons of  seedlings  of  Lupinus  albus.  The  ferment  is  extracted  with  water 
from  the  minced,  dried  and  ground  cotyledons.  The  watery  extract  Is 
precipitated  with  alcohol,  and  the  precipitate  collected  on  filter -paper  and 
dried. 

The  ferment  works  well  In  an  acidulated  watery  solution.  Sections  of 
the  cotyledons  of  the  seed  of  the  lupin  and  of  the  endosperm  of  the  bar- 
Icy,  when  laid  in  such  a  solution,  undergo  marked  changes  In  a  few  hours. 
In  twenty-four  hours  the  walls  of  the  barley  disappear,  the  middle  la- 
mella of  the  lupin  is  dissolved,  and  the  Inner  lamella  of  the  lupin  is  some- 
what swollen  and  partially  gelatinized.  Within  a  few  days,  the  lupin 
membranes  have  become  Invisible,  except  for  a  contour  line.  The  appli- 
cation of  chlorzlnciodine  or  Bismarck  brown  shows,  however,  that  a 
skeleton  of  the  whole  Inner  lamella  Is  left  even  after  two  weeks*  action  of 
the  enzyme.  It  is  possible  that  the  protracted  action  of  the  enzyme  would 
cause  ull  the  wall  to  go  Into  solution. 


Mechanism  of  root  curvature.    By  J.  B.  Pollock,  Ann  Arbor,  Mich. 

[Communicated  by  Prof.  V.  M.  Spalding S\ 

The  writer  discusses  the  subject  historically,  giving  an  account  of  the 
theories  of  DeVrles,  Sachs,  Wortniann,  Noll,  Kohl  and  others,  which  is 
followed  by  an  extended  report  of  original  experiments  on  the  path  of 
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traDsmlssion  of  stimnlns,  tissue  tensions,  the  action  of  cortex  of  stimu- 
lated roots  when  freed  from  the  axial  cylinder,  the  effect  of  stimula- 
tion on  tension,  mechanical  bending,  results  of  plasmolyzing  cells  of 
carved  roots,  migration  of  protoplasm,  and  water  content  of  convex  and 
concave  sides  of  curving  roots.  Theoretical  considerations  based  on  ex- 
periment lead  to  the  conclusion  that  no  theory  hitherto  advanced  can  be 
accepted  as  adequate  for  the  explanation  of  the  mechanism  of  curvature. 
The  writer  presents  a  theory  which  Is  believed  to  be  in  harmony  with  the 
present  condition  of  experimental  knowledge,  viz. :  The  impulse  pro- 
duces on  the  side  which  becomes  concave  a  cliange  In  the  protoplasm  of 
the  cortical  parenchyma  which  makes  it  more  permeable  to  water.  The 
elasticity  of  the  cell  walls  forces  water  out  of  the  cells  into  the  intercellu- 
lar spaces.  This  shortens  the  cells  of  that  side.  At  the  same  time,  the 
stimulus  causes  an  extension  of  the  cells  on  the  side  which  becomes  con- 
vex. By  the  shortening  of  one  side  the  resistance  to  curving  toward  that 
side  is  removed,  and  by  the  lengthening  of  the  other  side  the  tendency  to 
curve  toward  the  shorter  side  is  increased.  The  curve  then  follows  from 
purely  mechanical  conditions  existing  In  the  root. 
[This  paper  will  be  printed  in  the  Botanical  Gazette.] 


Thk  toxic  action  op  PtiBNOLs  ON  PLANTS.    By  Prof.  Rodney  H.  Trijr 
and  Carl  6.  Hunkbl  B.S.,  Univ.  of  Wisconsin,  Madison,  Wis. 

It  has  been  shown  by  a  number  of  authors,  Engelmann,  Pfeffer,  Nageli 
and  others,  that  plants  are  very  sensitive  toward  the  action  of  many 
chemical  substances,  certain  classes  of  compounds  in  very  minute  quan- 
tities proving  stroii|u:ly  poisonous.  This  sensitiveness  of  plants  to  chem- 
ical substances  has  proved  a  very  delicate  test  for  certain  compounds 
diluted  far  beyond  the  capacity  of  the  usual  means  of  chemical  identifi- 
cation. When  solutions  of  definite  content  are  used  this  sensitiveness  of 
plants  admirably  fits  them  to  serve  as  test  objects  for  the  investigation  of 
many  chemico-biologlcal  questions,  especially  those  connected  with  the  ac- 
tion of  poisons.  A  study  of  the  toxic  action  of  the  group  of  sut)stance8 
known  as  phenols  on  the  radicles  of  Lupinus  albus  L.,  and  on  Spirogyra 
sp.  has  shown  that  living  organisms  respond  in  a  definite  manner  to  sub- 
stances having  a  definite  constitution;  the  reaction  of  the  protoplasm 
being  therefore  governed  by  chemical  laws. 

Electrolytic  dissociation  of  the  molecules  of  these  compounds  Into  tons 
plays  a  subordinate  r6le  in  their  physiological  action,  the  undissoclated 
molecules,  therefore,  determining  to  a  large  degree  the  physiological  prop- 
erties of  the  substances.  As  Instances  of  substances  in  which  electro- 
lytic dissociation  plays  a  more  or  less  pronounced  part,  picric  acid  and 
salicylic  acid  may  be  noted,  in  the  cresols  and  the  mono-nitrophenols  a 
considerable  part  of  the  toxic  activity  of  the  solutions  seems  to  be  due  to 
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the  products  of  such  dissociation.  In  pyrogallol  and  methyl  salicylate 
other  processes  of  decomposition  produce  substances  which  dissociate 
electrically  and  increase  the  poisonous  activity  of  solutions  of  these  sub- 
stances. Some  phenols  are  comparatively  weak  in  their  integrity  but 
quickly  break  down  to  much  more  vicious  substances.  Pyrogallol, 
pyrocatschin  and  hydroquinone  are  examples. 

Certain  radicles  seem  to  have  specific  properties  when  introduced  into 
the  molecule,  modifying  the  toxic  value  of  the  same.  The  number  of 
hydroxyl  (OH)  groups  present  in  the  molecule  seems  in  itself  to  have 
little  influence  on  the  toxic  action  of  the  phenol.  The  introduction  of 
CHg  groups  into  the  benzene  nucleus  increases  the  toxicity  to  a  consider- 
able but  somewhat  variable  degree.  The  introduction  of  the  isopropyl 
group  (C3  H7)  into  the  cresoles  Increases  the  toxic  value  of  these  sub- 
stances. The  presence  of  one  or  more  nitro  (NOg)  groups  Increases 
the  toxic  action  to  a  great  degree.  An  increase  in  the  number  of  (NO^) 
groups  does  not  seem  to  increase  this  toxic  value.  When  the  hydrogen 
atom  of  an  OH  group  is  replaced  by  a  CH^  group  little  influence  on  the 
toxic  action  toward  these  plants  is  exerted.  The  carboxyl  group  (COOH) 
brings  an  added  degree  of  toxicity  corresponding  to  the  degree  of  dis- 
sociation. 


Is    THE    CHARACTEBISTIC    ACKIDITY  OF    CERTAIN    8PRCIR8    OF   THE    ARUM 
FAMILY  A  MECHANICAL  OR  PUTSIOLOOICAL  PROPER  TV  OR  KFFBCT?      By 

Chas    Porter  Hart,  M.I).,  Wyoming,  Ohio. 

ACCORDING  to  Professor  Lazenby,*  '*  the  raphides,  or  needle-shaped  crys- 
tals," found  in  the  interior  of  the  cells  of  certain  species  of  the  Arum 
family.  **  appear  to  have  the  power  of  producing  the  intense  acridly  char- 
acteristic" of  the  internal  use  of  the  juice  of  these  plants  on  the  human 
system.  This  statement,  and  the  conclusions  accompanying:  It,  are  in  such 
marked  variance  with  the  results  of  tlie  writer's  investigations,  that  a  brief 
r^sumi  of  the  latter's  observations  and  experience  may  be  of  sufficient 
scientiflc  interest  to  warrant  comparison. 

In  the  fall  of  1875, 1  made  a  careful  and  extensive  experiment  or  *'  prov- 
insi;,"  of  the  juice  of  Arum  dracunctUw  (A.  dracontiumj  Raf.},  or  dragon 
root,  on  myself,  which  proving  was  published  in  the  American  Observer 
for  November  of  that  year.  This  article  was  afterwards  re-edited,  with 
notes,  by  Professor  Hale  of  Chicago,  and  published  In  circular  form.  In 
the  latter  a  comparison  is  made  with  tlie  physiological  eflTects  produced  on 
the  human  system  by  other  members  of  the  Arum  family,  especially  the 
A.  triphyllum,  A.  maculatunit  and  A,  Italicum. 

As  bearing  directly  on  the  questions  at  issue,  the  author  here  makes  a 
few  excerpts  from  his  paper  just  referred  to,  which  consists  of  notes 
jotted  down  at  tlie  times  the  experiments  and  observations  were  made. 

» See  Abstract  of  Prof.  L.'s  paper  In  the  Proceedings  A.  A.  A.  8.,  Vol.  xxxix,  p.  SilS. 
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[  Here  follow  the  extracts  referred  to.  See  American  Observer,  Nov., 
1876.] 

These  experiments,  together  with  the  experiences  and  observations  of 
others,  have  led  the  writer  to  the  following  conclusions : 

1^.  The  sensation  produced  on  the  human  system  Is  both  local  and 
general. 

2°.  The  local  sensation  Is,  for  the  most  part,  similar  to  the  general 
sensation,  being  of  that  peculiar  prickling  or  tingling  character  known  as 
formication. 

8°.  This  tingling  sensation  Is  not  confined  to  any  particular  part  of  the 
body,  either  external  or  Internal,  cutaneous,  mucous,  or  visceral,  but 
sometimes  affects  two  or  more  of  these  tissues  simultaneously. 

4^.  This  symptom  is  a  purely  physiological  effect  of  the  active  principle 
of  the  plant,  transmitted  primarily  through  the  vascular  system  to  the 
sensitive  branches  of  the  cerebro- spinal  system  of  nerves,  affecting  more 
particularly  the  parts  supplied  by  their  terminal  branches,  the  vasomotor 
system,  the  cutaneous  surfaces,  etc. 

5".  The  effect  is  produced  by  a  highly  volatile  principle,  as  is  conclu- 
sively shown  by  the  fact  that  it  is  entirely  lost  by  atmospheric  exposure, 
as  in  the  process  of  drying. 

6°.  The  fact  that  dialysis  destroys  the  acridity  is  in  perfect  harmony 
•with  these  facts. 

7°.  That  the  sensation  is  In  proportion  to  the  number  of  Inorganic 
crystals  contained  In  the  cells,  as  asserted  by  the  authority  I  have  quoted, 
la,  to  say  the  least,  highly  problematical. 

8^.  7j^  "  filtration  separates  the  acridity  from  the  clear  juice,*'  which  I 
am  not  prepared  either  to  concede  or  deny,  I  should  be  Inclined,  in  view 
of  the  above  facts,  to  refer  the  phenomenon,  not  to  Its  separation  by  fil- 
tration, but  to  its  escape  during  the  filtering  process  in  consequence  of  the 
extreme  volatility  of  the  active  principle. 


SOBCX  REASONS  FOR  PLANT  MIGRATION  AND  THE   WAY  PLANTS  FLKB  FHOM 

THKiR  ENKMiKS.    By  Prof.  W.  J.  Beal,  Agricultural  College,  Mich. 

In  managing  a  small  botanic  garden  for  twenty  years,  experiments  and 
observations  have  been  made  In  this  line  of  work.  For  a  few  years  plants 
set  In  the  garden  usually  thrive,  but  many  of  them  sooner  or  later  need 
a  change.  The  ground  becomes  clogged  with  root-stocks,  or  the  soil  de- 
pleted, or  some  one  or  more  kinds  of  insects  or  fungi  settle  down  there 
and  in  various  ways  the  plants  are  annoyed. 

In  case  of  a  number  of  klndd  of  mints,  sunfiowers  and  others  the  cen- 
tral part  of  a  patch  of  each  species  exhibits  signs  of  falling  or  dies  com- 
pletely. Numerous  other  examples  were  given,  all  tendlnj;  to  show  that 
plants  shift  from  place  to  place  not  merely  to  extend  and  multiply  the 
species  and  reach  a  fertile  soil,  but  to  enable  them  to  flee  from  the  great 
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numbers  of  their  own  kind,  and  their  enomfes  among  animals  and  para- 
sitic plants,  and  especially  that  they  may  come  In  contact  with  cither 
plants  of  the  same  species  to  be  improved  by  cross-fertilization.  The 
adventurers  among  plants  often  meet  with  the  best  success,  not  because 
the  seeds  are  larger  or  stronger  or  better,  but  because  they  find  for  a  time 
more  congenial  surroundings.  Every  horticulturist  knows  that  apples 
grown  in  a  new  country  are  healthy  and  fair,  but  the  scab  and  codling 
moth  and  bitter  rot  and  bark  louse  sooner  or  later  arrive,  ench  to  begin 
Its  particular  mode  of  warfare.  Peach  trees  In  new  places  remote  from 
others  are  often  easily  grown  and  free  from  dangers,  but  soon  will  ar- 
rive the  yellows,  borers,  leaf-curl,  rot  and  a  host  of  oiher  enemies  t*> 
combat.  I  have  often  noticed  that  while  pearbllght  decimated  or  swept 
off  large  portions  of  a  pear  orchard,  a  few  Isolated  trees  scattered  about 
the  neighborhood,  usually  remain  healthy. 

Perhaps  one  reason  why  some  plants  have  become  extinct  or  nenrly  so 
Is  their  lack  of  means  of  migration. 

As  animals  starve  out  In  certain  seasons  when  food  Is  scarce,  or,  more 
likely  migrate  to  regions  which  can  afford  food,  so  plants  desert  worn- 
out  land  and  seek  fresh  fields.  As  animals  retreat  to  secluded  and  iso- 
lated spots  to  escape  their  enemies,  so  many  plants  accomplish  the  same 
thing  by  finding  the  best  places  with  some  of  their  seeds  sown  in  many 
regions.  Frequent  rotations  seem  to  be  the  rule  for  many  plants  when 
left  to  themselves  In  a  state  of  nature.  Confining  to  a  permanent  spot 
Invites  parasites  and  other  enemies  and  a  depleted  soil,  while  health  and 
vigor  are  secured  by  frequent  migrations. 

[This  paper  will  be  printed  In  The  Plant  World,  beginning  Vol.  1 ,  p.  27.] 


STO.MATA  ON  THE  Bni>-SCALB6  OF   AlSIKS    PKCTINATA.       By    ALBXANDRK    P. 

Andkrson,  Clemson  College,  South  Carolina. 

In  the  MetaspermsB,  stomata  occur,  not  only  on  all  leaves,  but  are  usu- 
ally found  on  all  well  developed  bud-scales.  Tlie  leaves  of  Gymnosperms 
have  fewer  stomata,  hence  one  would  expect  to  find  fewer  or  no  stomata 
on  their  bud-scales.  This  has  been  found  to  be  true  and  It  has  always 
been  thought  that  stomata  never  occur  on  the  bud  scales  of  Gymnosperms. 

Grass  In  his  "  Beltrage  zur  Biologic  der  Knospe  "  (Jahrb.  fSr  Wlssen- 
schaftl.  Botanlk  23 :  642)  says  that  stomata  are  never  present.  Schumann 
(Blbllotheca  Botanlca,  1889,  Heft  15,  s.  3)  makes  a  similar  statement. 

In  a  recent  paper  (Sonderabdruck  ans  der  Forstl.  naturw.  Zeltsch.  1896, 
8.  14),  the  writer  called  attention  to  the  occurrence  of  stomata  on  the 
bud-scales  of  Abies  pectinata. 

The  stomaU  are  found  only  near  the  base  and  on  the  lower  (dorsal) 
surface  of  the  scales.  They  are  not  arranged  In  rows  but  are  scattered 
and  Irregularly  distributed,  being  found  even  on  the  midrib  where  they 
never  occur  on  the  leaves. 

[This  paper  will  be  printed  In  the  Botanical  Gazette.] 
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CtlMPAKA'nVR   ANATOMY   OV  THE.  NORMAL  AND  DISKABED  ORGANS  (»F  AbIE8 

BAI.8AMKA  (L.)  Miller,  affbctkd  with  ^cidium  rlatinum.  Alb  bt 
ScHWKiN.  By  Alexander  P.  Anderson,  Clemson  College,  South 
Carolina. 

TiiK  anatomy  of  different  species  of  Abies  varies  slightly  under  normal 
conditions.  This  is  especially  true  of  the  leaves  and  younger  branches 
that  in  some  species  have  tissues  and  structures  which  are  rudimentary 
or  wanting  in  others.  Such  structural  and  anatomical  diversity  either 
become  more  marked  or  are  entirely  lost  in  hypertrophied  or  atrophied 
organs. 

The  leaves  on  the  lateral  branches  of  Abies  balsamea  are  always  twist- 
ed at  the  base,  giving  them  the  distichops  direction  peculiar  to  species  of 
Abies.  The  leaves  of  the  erect  shoots  are  not  twisted  nor  transverst*ly  he- 
liotropic ;  they  are  shorter  and  thicker  than  those  of  the  lateral  branches. 
Cross  st'ctions  show  also  the  i^reater  development  of  certain  tissues  espe- 
cially the  hypodermal  strengthening  cells  and  transfusion  tissue  of  the 
pericycle. 

The  anatomy  of  the  diseased  leaves  agrees  in  many  respects  with  that 
of  the  normal  leaves  of  the  erect  shoots. 

In  their  winter  condition  bud.**  of  Abies  balsamea  are  always  covered 
with  a  layer  of  resin,  one  to  three  millimeters  thick.  This  large  amount 
of  resin  exudation  is  due  to  the  fact  that  the  bud -scales  have  from  two  to 
six  resin-canals  and  are  fringed  with  large  numbers  of  thin-walled  mar- 
ginal hairs  through  which  the  resin  difi\]ses.  The  epidermis  of  the  ex- 
posed scales  is  sclerotic  and  thick-walled  allowing  no  resin  t*  difiVise 
throu«:li  it. 

Resin  canals  are  found  only  in  the  primary  cortex.  They  often  remain 
functional  in  the  bark  of  trees  fifty  to  eighty  years  old.  Resin  vesicles 
or  blisters  are  formed  in  the  primary  cortex  by  the  radial  and  tangential 
division  of  the  thin-walled  epithelial  cells  of  the  resin-canals. 

[This  paper  will  be  printed  in  the  Botanical  Gazette.] 


On  a  new  and  improved  self-reoibterino  balance.     By  Alexander 
P.  Anderson,  Clemson  College,  S.  C. 

In  the  course  of  some  experiments  on  the  growth  of  cucurbitaceous 
and  other  fruits  it  was  found  that  the  fruits  were  extremely  sensitive 
to  the  temperature  and  moisture  variations  of  the  atmosphere.  With  a 
small  degree  of  the  relative  humidity,  the  fruits,  after  having  reached 
their  maximum  in  growth,  would  begin  to  decrease  in  weight  during  the 
day.  It  was  found  that,  in  order  to  record  the  actual  variations  in  the 
weight  of  iho.  fruit,  an  instrument  that  would  record  automatically 
the  increase  as  well  as  the  decrease,  would  have  to  be  devised. 
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After  repeated  trials  and  alterations,  the  writer  has  sncceeded  in  devis- 
ing a  Keif -recording  balance  which  will  record  automatically  any  increase 
or  decrease  in  any  object  placed  on  the  balance.  The  instrument  is  an 
improvement  on  the  one  previously  described  in  the  Minnesota  Botanical 
Studies  (Part  4.  177,  1894). 

[A  description  with  drawings  of  all  the  parts  of  this  instrument  will 
be  published  in  the  Botanical  Gazette.] 


ThB  CORREIJITION  OF  GROWTH   UNBRR  THE  1N7LUKNCS  OF  INJURIES.      By 

Dr.  C.  O.  TowNSEND,  Columbia  University,  New  York,  N.  Y. 

The  purpose  of  the  eiperiments  which  form  the  basis  of  this  paper 
was  to  determine  in  what  time,  through  what  distance,  and  to  what  ex- 
tent, an  injury  inflicted  upon  one  part  of  a  plant  will  influenee  tbe  gnmth 
of  the  injured  and  of  the  uninjured  parts.  The  experiments  were  carried 
on  in  the  Botanical  Institute  at  Leipsic,  under  the  direction  of  Professor 
Dr.  Pfeffer. 

The  external  causes  of  the  variation  of  the  rate  of  growth  were  elimi- 
nated as  far  as  possible,  in  order  to  study  more  accurately  the  influence 
of  the  injuries.  Hence  the  plants  were  grown  in  damp  chambers,  in  dif- 
fused daylight  and  in  all  possible  cases  at  constant  temperature.  Most  of 
the  experiments  were  performed  with  seedlings,  for  which  purpose  PA<w«- 
olus  mult^fiorus,  Vicia  Faha,  Lupimis  alba,  Helianthus  annuus,  Cucurbita 
pepo,  Zea  mais,  Avena  saliva,  Hordeum  vulgare  and  Secale  cereale  were 
used. 

In  the  experiments  with  older  plants  Calla  and  cuttings  of  Salix  were 
used  in  addition  to  the  material  used  with  seedlings.  A  number  of  experi- 
ments were  also  performed  with  Phycomyces  niUns. 

In  experimenting  with  seedlings,  either  the  plumules,  shoots,  leaves  or 
roots  were  removed  an  a  whole  or  in  part,  or  the  shoots,  leaves  or  roots 
were  split  near  the  base  or  near  the  tip  for  a  distance  of  from  flve  to  ten 
millimeters.  If  the  injury  was  very  slight  no  appreciable  change  in 
the  rate  of  growth  of  either  the  injured  or  of  the  uninjured  part  was 
apparent.  A  slightly  stronger  injury  produced  an  acceleration  in  the  rate 
of  growth  of  the  uninjured  part.  The  acceleration  became  apparent  in 
from  six  to  twenty-four  hours  and  often  continued  for  several  days,  being 
followed  by  a  return  to  the  normal  rate  of  growth.  If  the  injury  was 
still  more  severe  the  growth  of  the  uninjured  parts  was  retarded.  The 
retardation  became  noticeable  in  from  six  to  twenty-four  hours,  continued 
from  one  to  several  days  and  was  followed  in  some  instances  by  a  period 
of  acceleration. 

The  older  plants  were  treated  in  practically  the  same  manner  as  the 
seedlings  with  substantially  the  same  results.    The  changes  in  the  rate  of 
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growth  often  took  place  earlier  and  were  more  marked  than  in  the  case 
of  seedlings. 

In  the  experiments  with  Fhycomyces  a  mycellam  was  cut  or  one  of 
two  or  more  sporangium  stalks  was  removed.  The  result  wns  a  sudden 
and  marked  retardation  in  the  rate  of  growth  of  the  remaining  sporangium 
stalks.  In  no  case  examined,  however,  did  the  growth  entirely  cease  for 
any  appreciable  length  of  time,  and  the  normal  rate  of  growth  was  re- 
covered in  from  thirty  to  sixty  minutes. 

The  conclusions  reached  in  regard  to  the  higher  plants  are,  first,  that 
the  change  in  the  rate  of  growth  due  to  injury  takes  place  gradually, 
reaches  a  maximum  and  gradually  returns  to  the  normal  rate ;  second,  that 
the  distance  through  which  the  influence  of  the  injury  was  found  to  ex- 
ert itself  varies  from  0  to  several  hundred  millimeters  depending  upon 
the  degree  of  injury;  third,  that  the  total  variation  in  growth  due  to  in- 
jury is  from  0  to  80%  of  the  normal  growth  depending  upon  the  degree 
of  injury  and  upon  the  nature  and  conditions  of  the  plants  under  exam- 
ination. 

[Diagrams  were  used  to  illustrate  the  variations  in  growth.  This  paper 
will  be  printed  in  Annals  of  Botany,  Dec  1897.] 


ThK  botanical  COLl.RCTIONS    OK    THK    CoRNKLL    ARCTIC   EXPRDITION  OF 

1896.     By  W.  W.  Rowi.eb  and  K.   M.  Wibgani>,  Cornell  University, 
Ithaca,  N.  Y. 

A  PAKTY  of  geologists  Trom  Cornell  University  accompanied  Lieutenant 
Peary  last  summer  to  the  shores  of  Labrador  and  north  Greenland.  In 
addition  to  the  geological  material  collected,  extensive  collections  were 
also  made  of  the  plants  In  the  regions  visited.  These  were  nearly  all  ob- 
tained at  three  points,  viz.,  Turnavlk  Island,  Labrador,  Hudson  Strait  and 
White  St.  Bafllus  Land,  and  the  coast  of  Greenland  from  Disco  Island  to 
the  Nugsuak  Peninsula  In  Lat.  74^  15'.  At  the  latter  place  an  Island  seven 
miles  inland  from  the  Ice  front  was  visited,  upon  which  the  following 
nine  species  of  plants  were  found  to  have  already  gained  a  foothold: 
Savastana  alpina,  Carex  Bigelovii,  Juncoides  hyperboreum,  Papaver  alpi- 
ntfm,  Cardamine  hellidifolia^  Potentilla  emarginata^  Casxiope  tetragona, 
Vaccinium  uliginosum  microphyllum,  Antennaria  alpina.  In  all  about  one 
hundred  and  thirty  species  and  varieties  were  collected.  Many  of  these 
were  rare  and  a  few  added  new  localities  to  those  already  known.  No  new 
species  were  found  although  some  specimens  of  Carex  and  one  or  two 
forms  of  Salix  were  quite  different  from  any  already  described.  More 
material  of  these  forms  should  be  collected  before  any  discussion  is  made 
regarding  them.  The  sets  of  Salix^  GraminecB  and  CyperacecB  were  un- 
nsually  complete,  and  in  all  formed  about  one-fourth  of  the  entire  collec- 
tion. 
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On  the  nature  of  certain  pigments,  produced  by  fungi  and  bac- 
teria  WITH  SPECIAL    REFERENCE    TO    THAT    PRODUCED    BY   BaCII.LUB 

80IJLNACEARUM.      Bj  Dr.  Erwin  F.  Smith,   Asslstant  Pathologist, 
Washington,  D.  C. 

The  paper  might  perhaps  better  have  borne  the  title, '  *  Speculations  on 
the  Origin  of  Humus  compounds.**  The  dark  brown  pigment  produced 
by  the  potato-rot  bacillus,  Bacillus  solanacearum  (see  Bulletin  12,  Div. 
Veg.  Phys.  and  Path.,  (J.  S.  Dept.  Agric,  1896),  will  not  dialize  readily 
and  is  precipitated  by  compounds  of  calcium  and  of  iron.  It  is  suggested 
as  a  worlcing  hypothesis  that  the  humus  compounds  of  the  soil  are  largely 
if  not  exclusively  due  to  the  action  of  fungi  and  bacteria  on  the  carbohy- 
drate materials  of  animals  and  plants,  especially  of  the  latter. 


Description  of  Bacillus  phasroli  n.  sp.,  with  some  remarks  on 
RELATED  8PECIK8.  By  Dt.  Erwin  F.  Smith,  Assistaut  Pathologist, 
Washington,  D.  C. 

Bacillus  phaseoli  n.  sp.  is  a  short  rod  with  rounded  ends,  yellow  on  va- 
rious media,  motile  in  early  stages  of  growth,  decidedly  pathogenic  to 
beans  and  some  related  legumes,  and  closely  related  to  Pseudomonas  hyacin- 
thi  (Wakker)  and  Pseitdomonas  campestris  (I'ammel).  Its  thermal  death- 
point  is  approximately  49^  C.  and  It  will  not  grow  in  the  closed  end  of 
fermentation-tubes  in  beef  broth  or  peptone  water  with  any  of  the  ordi- 
nary sugars.  It  exerts  a  powerful  dlastatic  action  on  potato  starch.  On 
bean  pods  it  causes  watersoaked  spreading  spots  It  has  been  under  obser- 
vation in  pure  cultures  for  about  thirteen  mouths  and  there  is  no  doubt 
whatever  as  to  its  parasitic  nature,  all  of  Koch's  canons  for  determining 
this  point  having  been  fully  complied  with.  The  three  organisms  here 
mentioned  were  compared  and  contrasted  and  cultures  of  each  exhibited. 
Some  of  the  relationships  of  these  three  bacteria  are  exhibited  in  the 
following  tables. 
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8KGTION    G. 


(S)     SOME  1IEA1V8  OF  DI8TINOUI8HINO. 
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THE  SCIENCE  OF  HUMANITY. 


Humanity  is  a  favorite  theme  of  poet  and  philosopher,  novelist 
and  historian,  dramatist  and  moralist.  The  changes  rung  on  the 
theme  run  the  entire  gamut  of  feeling  and  thinking ;  its  burden  is 
caught  in  song  and  story  and  crystallized  in  books ;  and  no  sweeter 
strains  have  ever  been  sung,  no  grander  scenes  enacted,  no  nobler 
lines  penned,  than  those  fertilized  by  the  touch  of  human  (and 
solely  human)  nature  that  makes  the  whole  world  kin. 

The  chief  subject  of  thought  among  all  races  is  humanity  in 
some  of  its  numberless  aspects  ;  the  chief  part  of  the  literature  of 
civilized  nations  relates  to  humanity;  the  chief  activities  of  all 
men  are  inspired  by  humanity.  Yet  —  and  this  is  a  modern  mar- 
vel—  for  the  gi eater  part  the  thought  is  vague,  the  literature  ran- 
dom, the  activity  unorganized ;  i.  e.,  this  most  important  of  all 
subjects-matter  and  objects- matter  in  human  ken  has  hardly  been 
brought  into  the  domain  of  that  definite  knowledge  called  Science. 
It  is  meet  to  inquire  why  this  is  so ;  and,  to  the  end  that  the  in- 
quiry may  be  answered  clearly,  it  is  needful  first  to  define  humanity 
and  then  to  consider  what  knowledge  is  and  the  way  in  which 
science  has  come  to  be  ;  later,  the  half -formed  science  of  that  which 
is  proper  to  intellectual  man  and  most  important  to  his  kind  may 
be  outlined. 
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II. 


According  to  the  lexicographer,  humanity  denotes  (1)  the  con- 
dition or  quality  of  being  human,  (2)  the  character  of  being  hu- 
mane, (3)  the  character  of  being  well-bred,  (4)  mankind  collect- 
ively, and  (5)  secular  learning  or  literature.^  The  fourth  of  these 
definitions  connotes  Man  —  the  genus  Homo,  object-matter  of  the 
broad  science  of  Anthropology  —  viewed  in  a  distinct  way,  i.  e..as 
a  mass  or  composite  body  rather  than  discrete  individuals.  The 
fifth  definition  connotes  but  a  limited  field  in  a  vast  domain,  and  is 
scholastic  if  not  archaic ;  with  this  sense  the  term  is  chiefly  used 
in  opposition  to  divinity,  often  in  the  plural  form  (though  there  is 
good  precedent  for  the  use  of  this  plural  form  in  a  more  general 
and  tit  the  same  time  a  more  definite  sense)  .^  The  firat  three  defi- 
nitions connote  a  wide  i*ange  of  attributes  of  Man  which,  all)eit 
well  recognized  by  all  intelligent  people,  are  rarely  reckoned  among 
the  objects-matter  of  anthropology,  seldom  included  within  the  pale 
of  science ;  yet  it  is  these  attributes  that  especially  distinguish  Man 
and  set  him  apart  from  the  mineral,  vegetal,  and  animal  worlds, 
and  exalt  him  above  the  rocks  and  plants  and  beasts  of  simple  na- 
ture. 

Although  commonplace,  these  definitions  are  worthy  of  careful 
considerntion  in  that  thej*  summarize  the  substance  of  intelligent 
thought  since  the  beginning  of  writing  -  indeed  since  its  own  begin- 
ning in  the  remote  unwritten  past, —  and  particularly  during  the  era 
of  unprecedented  intellectual  activity  and  scientific  progress  dating 
from  the  issue  of  Bacon*s  Novum  Organum  ;  they  carry  the  wisdom 
of  the  ages,  and  especially  of  these  later  days  during  which  wisdom 
prevails  as  never  before.  Viewed  separately  or  in  connection  with 
contemporary  definitions  relating  to  mankind,  they  indicate  general 
(although  vague)  recognition  of  certain  specific  attributes  of  Man, 
not  as  an  animal  but  as  an  ill-defined  something  known  as  a  Hu- 
man Being.  When  the  history  of  thought  condensed  into  the  set 
phrases  of  the  lexicographer  is  scanned,  it  is  found  that  bitter 
controversy  has  been  engendered  by  the  diverse  aspects  of  Man 
as  seen  from  opposite  sides ;  the  disputants,  like  the  storied  knights 
of  old,  have  admired  the  object,  one  as  silver  and  the  oth(»r  as 

»  Condensed  and  rearranged  from  the  "Standard"  and  "Century"  dictionaries. 
«e.  g..  In  "The  Humanities,"  by  J.  W.  Powell;  Science,  New  Series,  vol.  I.  1895, 
pp.  lft-18. 
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gold,  and  have  done  doughty  battle  in  defence  of  their  one-sided 
vision  —  the  biologist,  with  eyes  trained  by  observation  and  reason 
sharpened  by  long  study  of  living  things,  sees  the  silvern  side  and 
sounds  trumpet  for  man  as  an  animal,  while  the  litterateur  and 
statesman  and  philanthropist  are  half  dazzled  by  the  golden  glory 
of  Man  as  a  thing  supernal.  The  fair  conclusion  is  that  both  are 
right  as  to  what  they  see  and  both  wrong  as  to  what  they  fail  to 
see;  and  in  the  light  of  this  conclusion  it  is  clear — if  the  general 
judgment  of  the  body  of  thinkers  is  worth  anything  —  that  man 
has  an  animal  basis  on  which  a  noble  superstructure  is  borne. 
The  definitions  of  the  lexicognipher,  who  voices  the  thought  of 
the  world,  show  that  among  general  thinkers  the  idea  of  humanity 
prevails  over  the  idea  of  animality,  while  the  current  literature  of 
science  indicates  that  the  idea  of  animality  is  dominant  in  scien- 
tific circles — indeed,  some  writers  on  anthropology,  the  Science 
of  Man,  restrict  the  term  to  knowledge  of  the  mammalian  order 
Bimana,  a  limitation  excluding  the  essential  characteristic  of  Man 
as  a  thoughtful  and  emotional  being  and  as  an  integral  part  of  a 
collective  and  interdependent  assemblage.  Any  attempt  to  harmo- 
nize these  opposing  ideas  must  begin  with  definite  statement  of 
the  meaning  attached  to  the  essential  term  by  more  catholic  anthro- 
pologists. So  Humanity  may  be  defined,  by  exclusion,  as  the  condi- 
tion or  quality  or  character  of  possessing  attributes  distinct  from 
those  of  animals,  vegetals,  and  minerals;  or,  by  inclusion,  as  (1) 
attributes  or  characteristics  confined  to  human  beings,  comprising 
(a)  the  condition  or  quality  of  being  human,  t.  e.,  of  acting,  feel- 
ing, and  thinking  after  the  manner  of  human  beings,  (6)  the  char- 
acter of  being  humane,  and  (c)  the  character  of  bemg  well-bred ; 
(2)  mankind  collectively  ;  (3)  secular  learning  and  literature. 

The  supreme  importance  of  humanity  as  thus  defined  is  indicated 
by  the  fact  that  it  is  the  foremost  subject-matter  of  thought  and 
speech  and  literature  among  all  peoples,  its  prominence  increasing 
from  savagery  through  barbarism  and  civilization  and  culminating 
in  enlightenment.  The  essential  distinctness  of  humanity  as  thus 
defined  appears  when  its  serial  relations  to  the  other  primary  ob- 
jects-matter of  knowledge  are  considere'd :  just  as  living  things 
rise  above  the  mineral  world  by  the  possession  of  vitality,  and  just 
as  animals  rise  above  plants  by  the  possession  of  motility,  so  do 
human  beings  rise  above  all  other  things  by  the  possession  of  spe- 
cific attributes  rooting  in  mentality  and  maturing  in  the  complex 
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activities  of  collective  life  ;  or  just  as  inorganic  matter  is  the  basis 
for  the  essentially  distinct  organic  existence,  so  organic  matter 
and  processes  form  the  basis  for  the  essentially  distinct  super- 
organic  activities  of  human  existence.  The  importance  and  dis- 
tinctness of  humanity  are  indeed  such  that  it  behooves  naturalists 
to  recognize  a  fourth  realm  or  world  —  to  extend  science  from  the 
great  realms  of  the  mineral,  the  vegetal,  and  the  animal  into  the 
incomparably  broader  and  richer  realm  of  the  purely  human ;  and 
this  extension  is  the  chief  end  of  modern  anthropology. 

III. 

Human  Knowledge  is  constantly  increasing.  The  body  or  ag- 
gregate of  Knowledge  is  imponderable,  and  may  not  be  counted  or 
measured  or  weighed ;  yet  it  is  an  entity  of  prime  importance  and 
of  universal  recognition.  Itself  indefinite  and  varying  from  mind 
to  mind,  the  sum  of  knowledge  may  be  divided,  albeit  roughly, 
and  analyzed,  albeit  crudely,  and  the  days  and  yeara  and  centuries 
of  its  progress  among  men  and  peoples  may  be  so  studied  that  its 
tendencies  and  perhaps  aven  the  laws  of  its  growth  may  be  fol- 
lowed, albeit  slowly  and  uncertainly.  Although  so  indefinite,  it  is 
well  worth  while  to  try,  and  try  again  and  still  again,  to  analyze 
Knowledge  and  trace  its  progress ;  for  Knowledge  is  the  end  and 
aim  of  intelligence,  and  human  progress  is  measured  not  more  by 
increase  in  knowledge  of  things  than  by  increase  in  knowledge  of 
Knowledge. 

Many  students  have  found  it  convenient  to  divide  or  classify 
knowledge  as  individual  and  common,  general  and  special,  empiric 
and  scientific,  deductive  and  inductive,  etc.,  according  to  the  point 
of  view ;  and  these  divisions  are  of  use  in  that  they  represent  first 
steps  in  analysis  —  though  it  is  to  be  remembered  that  they  are 
more  or  less  vague  or  arbitrary,  one  or  both.  It  may  not  be  boot- 
less slightly  to  extend  this  provisional  analysis  in  order  to  trace 
more  clearly  the  lines  and  stages  in  the  growth  of  intellectual 
product. 

For  the  sake  of  gaining  clear  ideas  of  relation,  it  is  sometimes 
useful  to  project  perception  by  the  aid  of  mental  imagery,  and 
thereby  to  visualize  the  invisible  in  the  eye  of  the  mind.  So  the 
great  aggregate  of  Knowledge  is  often  likened  unto  a  numerical 
sum,  or  a  reservoir  or  river  fed  by  many  afiluents ;  but  a  better 
figure  may  be  found  in  scientific  ideation,  and  the  imponderable 
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body  may  be  pictured  as  an  indefinite  nebula  or  plasma,  constantly 
growing  by  accretion  and  constantly  undergoing  internal  change. 
This  plasma  may  best  be  portrayed  as  for  the  most  part  unoi'gan- 
ized,  with  partially  or  completely  organized  nuclei  and  nodes  and 
processes  here  and  there ;  and  there  is  a  certain  fitness  in  conceiv- 
ing the  organized  tracts  as  near  the  surface  where  Ihe  interactions 
between  external  and  internal  are  direct  and  continuous.  In  this 
way  the  intellectual  product  of  the  world  may  be  likened  unto  a 
nebula,  a  cloud  gathering  in  a  supersaturated  solution,  an  ameba,  or 
a  brain  —  it  may  be  viewed  as  a  chaos  more  or  less  advanced  on 
the  way  toward  cosmos.  The  image  is  ideal ;  it  serves  merely  as 
an  aid  in  grasping  and  formulating  widespread  notions  concerning 
knowledge  as  an  elusive  and  intangible  yet  vigorously  real  and 
important  Something ;  but  it  is  not  essential  to  correct  understand- 
ing of  the  main  facts  in  the  growth  of  Knowledge. 

Knowledge  is  born  of  the  individual  brain  fertilized  by  indirect 
contact  with  other  brains,  and  is  given  unto  others  with  a  degree 
of  freedom  varying  with  the  disposition  of  the  individual  and  the 
perfection  of  his  mechanism  for  conveying  thought  —  gesture,  pic- 
ture, speech,  writing,  printing ;  the  growth  of  Knowledge  keeps 
even  pace  with  the  acquisition  of  structures  and  devices  for  its  ex- 
pression, and  it  is  a  pleasant  and  significant  fact  that  in  general 
the  disposition  to  dispense  Knowledge  grows  strong  and  active  just 
as  the  dispensing  mechanism  improves,  though  usually  lagging  a 
little  behind  —  much  as  the  verdure  follows  the  vernal  shower. 
So  the  stage  of  individual  knowledge  is  initial,  the  stage  of  com- 
mon knowledge  consequent ;  so  also  individual  knowledge  is  barren 
and  unproductive  until  turned  into  the  general  fund  to  increase  and 
multiply  an  hundred-fold ;  and  so  too  there  is  progressive  growth 
from  the  initial  stage  of  individual  discovery  or  invention,  through 
many  ill-defined  yet  successively  higher  and  higher  steps,  well 
toward  the  mature  stage  of  general  possession.  It  is  needful  to 
observe  that  the  body  of  general  knowledge  can  never  quite  equal 
the  aggregate  knowledge  possessed  by  individuals ;  although  stim- 
ulated by  others,  each  active  individual  knows  something  more 
than  he  is  able  to  tell,  be  he  never  so  free  in  disposition  and  facile 
in  expression ;  and  it  is  the  never-ending  process  of  coining  and 
issuing  and  exchanging  the  precious  product  of  the  cerebral  cru- 
cible that  gives  rise  to  intellectual  property-right,  and  at  the  same 
time  enriches  the  great  plasma  of  Knowledge  and  maintains  the 
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activity  essential  to  its  existence.  It  follows  —  and  this  scientific 
certitude  may  be  commended  to  a  certain  class  of  socialistic  schem- 
ers —  that  the  relation  between  individual  knowledge  and  general 
knowledge  is  asymptotic,  in  that  although  the  latter  constantly 
approaches  it  never  can  reach  the  former ;  indeed,  if  general  knowl- 
edge were  ever  to  overtake  individual  knowledge,  through  suspen- 
sion of  the  laws  of  intellectuality  (undoubtedly  immutable  as  those 
of  vitality),  the  special  province  of  mental  activity  would  be  anni- 
hilated and  the  body  of  Knowledge  would  sink  into  quiescence  — 
and,  in  the  intellectual  as  in  the  vital,  quiescence  is  death. 

As  Knowledge  is  produced  and  given  unto  others  the  freedom 
of  giving  is  governed  by  numberless  conditions,  including  the  per- 
fection or  imperfection  of  the  mechanism  for  expression,  the  avid- 
ity or  indifference  of  the  chosen  beneficiaries,  and  the  price  fixed 
by  custom  ;  and  so  it  happens  that  certain  discoveries  and  inven- 
tions are  directly  communicated  only  to  limite<l  groups  of  individ- 
uals, who  thereby  accumulate  special  knowledge.  In  this  way 
cliqnes  and  trades  and  guilds  arise  and  the  germ  of  raste  is  plant- 
ed ;  in  this  way.  loo,  specialties  grow  up  through  the  indifference  of 
the  masses  and  their  inability  to  keep  pace  with  the  investigator 
whose  energies  are  directed  along  a  single  hue ;  and,  eventually, 
among  the  most  enlightened  peoples,  special  societies  are  formed 
for  the  purpose  of  fostering  or  diffusing  discovery  and  invention 
and  thereby  rounding  out  the  rich  plasma  of  human  Knowli'dge. 
It  may  be  noted  that  special  knowledge  is  nearly  as  barren  and  un- 
productive as  individual  knowledge,  and  is  soon  blasted  by  the 
poison  of  its  own  egoism,  unless  the  richer  part  of  its  substance 
is  guided  toward  the  general  mass  —  to  do  work  as  it  advances  ; 
for  it  is  by  no  means  to  be  forgotten  that  the  activity  of  the  great 
body  of  Knowledge  culminates  in  the  province  or  zone  of  special 
knowledge,  and  that  herein  lies  the  leaven  that  leavens  the  whole. 

During  recent  centuries  and  especially  during  recent  decades 
specialists  engaged  in  creating  knowledge  have  studied  Knowledge 
itself  in  the  hope  of  learning  its  nature  and  origin ;  and  most  of 
these  students  have  become  convinced  that  the  basis  of  real  knowl- 
edge is  found  in  the  facts  of  the  cosmos  as  revealed  by  observa- 
tion or  established  by  experimentation.  So  the  acquisition  of 
Knowledge  begins  with  noting  particular  facts  and  advances  to  as- 
sembling or  grouping  these  facta,  t.  e..  proceeds  from  observation 
to  generalization ;  the  second  process  involves  the  elimination  of 
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the  unlike  or  incongruoas,  and  this  leads  to  discrimination  and  to 
the  recognition  of  analogies.  In  general  terms  and  somewhat  pro- 
visionally it  may  be  said  that  the  analogies  so  recognized  constitute 
laws  of  occurrence,  which  may  themselves  be  generalized,  and  that 
the  requisite  discrimination  of  analogies  leads  to  the  recognition  of 
homologies,  or  laws  of  occurrence  and  sequence  combined;  the 
framing  of  analogies  and  homologies  being  legitimate  inference, 
which  develops  in  hypothesis  and  matures  in  theor}^  or  doctrine  to 
be  finally  formulated  in  laws  or  principles.  Knowledge  produced 
in  this  regular  and  simple  manner  is  commonly  called  inductive, 
though  there  is  always  a  deductive  element  coming  over  from  that 
general  intellectual  possession  by  which  even  the  closest  specialiHt 
is  guided  in  greater  or  less  measure.  Now  it  is  to  be  noted  that  the 
acquisition  of  Knowledge  is  largely  spontaneous  and  unconscious 
—  that  apperception  lags  far  behind  perception,  and  that  only  the 
adolescent  and  mature  among  men  and  peoples  are  clearly  con- 
scious of  their  own  mental  processes,  or,  indeed,  of  the  existence  of 
mental  process ;  it  follows  that  most  of  the  processes  just  outlined 
are  ill-recognized  or  not  recognized  at  all.  even  by  the  very  makers 
of  Knowledge.  Moreover  the  later  steps  in  intellectual  acquisi- 
tion are  commonly  the  first  to  be  consciously  noted,  so  that  the 
majority  of  men,  evt»n  unto  the  present  day,  have  failed  to  recog- 
nize the  true  source  of  real  knowledge,  and  have  appealed  to  all 
manner  of  mysterious  and  extravagant  sources  for  part  or  all  of 
the  intellectual  wealth  of  the  world ;  for  while  the  more  complex 
processes  alone  were  recognized  in  Terence  was  exalted  and  obser- 
vation was  contemned,  subtle  imagining  ran  riot  and  overshadowed 
sober  reason,  and  scholastic  learning  —  which  the  practical  makers 
of  progress  fortunately  ignored  or  repudiated  —  grew  into  a  laby- 
rinth of  deductions  from  vain  postulates  and  hazy  lucubrations.  A 
new  epoch  dawned  when  Bacon  formulated  the  inductive  method 
—  though  he  knew  not  that  the  method  was  old  as  the  human  mind 
and  that  he  but  recognized  that  which  all  men  do,  whether  con- 
sciously or  unconsciously.  Reviewing  the  course  of  intellectual 
acquisition  from  observation  through  generalization  and  inference 
and  theory  unto  laws  of  occurrence  and  sequence.  Knowledge  may 
be  classified  by  degree  of  development,  and  the  simpler  and  more 
primitive  (whether  burdened  by  assumption  or  not)  may  be  called 
empiric,  while  the  more  definitely  organized  product  of  special 
study  may  be  called  scientific ;  and,  remembering  that  the  proc- 
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esses  of  acquiring  Kuowledge  are  partly  unconscious,  that  por- 
tion which  is  organized  unconsciously  may  be  classed  as  common 
sense,  or  sagacity,  or  the  wisdom  of  experience,  while  the  con- 
sciously organized  portion  may  be  called  science.  This  summary 
of  the  mode  of  organizing  Knowledge  may  be  trite,  yet  it  serves 
to  show  that  the  methods  of  the  student  of  Humanity  are  in  no 
wise  different  from  those  pursued  in  the  physical  and  natural 
sciences. 

In  brief.  Knowledge  is  ever  passing  from  the  individual  to  the 
common  and  from  the  special  to  the  general,  and  thereby  its  quan- 
tity is  constantly  increased  and  its  utility  extended ;  during  recent 
times  it  is  passing  also  from  the  empiric  to  the  scientific,  and  there- 
by its  quality  is  improved  and  its  beneficence  multiplied. 

IV. 

When  the  history  of  the  class  of  knowledge  called  Science  is 
scanned,  certain  tendencies  or  directions  of  growth  are  perceived ; 
and  scrutiny  shows  that  these  tendencies  are  in  harmony  with  the 
course  of  development  of  universal  knowledge. 

1.  In  general,  observation  and  research  begin  with  the  rare  or 
remote  and  proceed  toward  the  common  and  the  near.  This  ten- 
dency is  revealed  when  the  several  branches  of  science  are  com- 
pared. Perhaps  the  oldest  science  is  Mathematics,  which  began 
before  history  so  that  its  origin  is  obscure  and  cannot  ceilainly 
be  traced  to  definite  objective  basis ;  but  the  nearly  contemporary 
and  closely  related  science  of  Astronomy  rested  on  observation  of 
the  celestial  bodies  —  though  the  observation  was  long  clouded  by 
the  mysticism  of  astrology.  Then  as  wits  were  sharpened  by 
mathematical  research  and  astronomical  observation,  exact  knowl- 
edge was  gradually  brought  down  to  nearer  bodies  and  under  the 
guidance  of  every -day  observation ;  and  thus  the  science  of  Phys- 
ics arose  so  gradually  and  inconspicuously  that  its  early  history  is 
lost.  Later  shrewd  hermits  and  beldams  wrought  magic  by  means 
of  rare  substances,  and  alchemy  grew  up ;  and  as  time  passed  the 
manipulations  were  extended  to  common  things  and  the  ban  of 
secrecy  was  gradually  broken,  and  so  Chemistry  arose.  These  four 
branches  of  knowledge  concerning  the  inorganic  interacted  with 
mutual  benefit,  and  for  several  centuries  constituted  Science,  in 
contradistinction  from  the  vast  body  of  vague  thought  comprised  in 
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scbolasticism  and  folklore  and  from  the  more  useful  body  of  com- 
monplace knowledge  not  yet  consciously  organized.    Still  later,  at- 
tention was  attracted  by  things  nearer  to  mankind  in  place  and 
character,  and  first  plants  and  afterward  animals  were  studied  sys- 
tematically, and  Botany  and  Zoology  arose ;  but  for  a  long  time 
ihe  most  attractive  organisms  were  the  unusual  and  therefore  strik- 
ing, or  the  specimens  brought  by  travellers  from  distant  lands  — 
indeed,  even  during  the  present  half  century,  scientific  museum  ad- 
ministrators are  embarrassed  by  the  tendency  of  the  collector  to 
neglect  the  common  and  collect  the  unusual  in  his  own  locality,  and 
it  is  only  within  a  generation  or  two  that  the  ordinary  plants  and 
animals  supplying  mankind  with  food  and  clothing  and  other  every- 
day commodities  have  been  subjected  to  scientific  research.  In  like 
manner  the  science  of  Geology  began,  soon  after  botany  and  zool- 
ogy) with  the  study  of  rare  minerals  and  the  ancient  rocks  of  re- 
mote mountains ;  graduaUy  the  research  extended  to  the  nearer 
hills  and  valleys  and  the  latei  formations ;  and  it  is  only  within  the 
present  generation  that  the  soil-making  deposits  on  which  human 
life  so  largely  depends  have  been  brought  under  scientific  examina- 
tion. Last  of  all  the  scientific  research  beginning  with  the  stars  and 
passing  to  minerals  and  plants  and  animals,  and  through  the  soil  on 
which  plants  and  animals  live,  reached  Man  himself ;  yet  the  studied 
observation  began  not  so  much  with  fellow-citizens  or  fellow-sub- 
jects bound  to  the  obsei-ver  by  ties  of  consanguinity  and  afiSnity  as 
with  the  abject  savage  or  half-clad  barbarian  of  distant  lands ; 
and  even  to-day,  and  in  the  most  enlightened  nations  of  the  earth, 
the  pictures  brought  up  in  most  minds  by  the  term  Anthropology 
are  those  of  alien  and  inferior  peoples,  or  of  human  curiosities  and 
monstroeitiefl  exhibited  in  midway  plaisances  if  not  in  circuses  and 
dime  museums.     Even   in  scientific  circles  —  yea,  among  those 
ranked  as  anthropologists  —  there  are  many  who  habitually  restrict 
the  term  to  the  purely  animal  side  of  man,  and  ignore  that  broader 
and  nobler  side  which  distinguishes  mankind  from  all  other  things. 
So,  whether  Science  be  viewed  in  general  or  in  detail,  it  is  found 
that  its  progress  is  toward  the  ego  —  toward  the  everyday  and 
commonplace  perhaps,  yet  ever  toward  the  more  important  because 
the  nearer,  the  more  useful  because  the  commoner ;  and  the  more 
nearly  it  approaches  the  more  clearly  it  is  seen  that  Science  digni- 
fies both  stadent  and  object  of  study  — that  exact  knowledge, 
with  Midas  touch,  turns  dross  to  gold. 
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2.     In  general,  research  begins  with  the  abnormal  and  proceeds 
toward  the  normal.    Judging  from  the  habits  of  present-day  bar- 
barians among  whom  the  tempest  is  studied  and  the  zephyr  ignored, 
the  comet  remembered  and  the  planet  forgotten,  the  pre-Chaldean 
astronomers  based  their  first  celestial  observations  on  the  erratic 
wanderers  rather  than  the  oiderly  travelers  of  the  sky ;  and  in  all 
ages  prodigies  —  the  bizarre  and  ill  formed,  the  gigantic  and  dwarf- 
ish—  have  been  the  first  to  catch  and  the  longest  to  hold  attention, 
among  casual  observers  and  specialists  alike.     This  tendency  to- 
ward noting  the  abnormal,  like  that  of  regarding  the  rare  rather 
than  the  common,  is  the  easily  besetting  sin  of  the  touring  natural- 
ist and  local  museum  collector,  the  joy  of  the  unscientific  and  the 
despair  of  the  scientific  among  museum  administrators.     Clearly 
seen  in  geology  and  zoology  and  botany  as  the  vestige  of  a  prim- 
itive past,  this  tendency  to  perceive  only  the   abnormal  is  still 
strong  —  indeed  almost  dominant  —  in  the  younger  science  of  an- 
thropology ;  to-day  distorted  or  wounded  or  cachectic  skulls  from 
the  ancient  ossuaries  of  Africa  or  the  huacals  of  Peru  are  esteemed 
far  above  normal  crania  of  a  normal  people  who  have  by  normal 
activities  aided  in  making  civilization  and  ennobling  the  world; 
to-day  the  platycnemic  tibia  and  perforate  humerus  of  question- 
able significance  are  exalted  above  the  normal  members  occupied 
in  the  march  of  progress  and  the  conquest  of  lower  nature ;  to-day 
there  are  a  flourishing  sub-science  called  criminology  and  a  fantas- 
tic fad  of  extolling  and  magnifying  degeneracy,  while  the  upright 
in  mind  and  the  sound  in  body  are  relatively  neglected  —  yet  this 
apparently  morbid  taste  but  reflects  a  tendency  of  the  human  miud, 
and  is  the  promise  of  better  things  when  the  intellect  awakened  by 
the  abnormal  acquires  the  power  of  appreciating  the  normal.    Un- 
remembered  millenniums  of  mystical  shamanism  were  required  to 
produce  pathology  and  therapeutics,  and  centuries  of  pathol(^ 
were  needed  to  produce  sound  physiology  and  etiology ;  and  in  like 
manner  there  were  generations  of  mystical  and  irrational  psycho- 
mancy  before  students  were  able*  to  recognize  a  basis  for  the  mod- 
ern and  most  promising  science  of  psychology.     It  smacks  of  the 
paradox  to  say  that  the  beginning  with  the  abnormal  is  the  nor- 
mal course  in  the  making  of  science ;  yet  the  history  of  each  and 
all  of  the  sciences  shows  that  observation  on  the  abnormal  has 
always  led  attention  to  the  normal,  just  as  observation  on  the  re- 
mote htis  ever  guided  attention  toward  the  near ;  and  it  is  but  nat- 
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ural  that  the  youngest  of  tlie  sciences  should  yet  retain  vestiges 
of  undue  magnification  of  the  abnormal. 

3.  In  general,  scientific  determination  proceeds  from  the  quali- 
tative to  the  quantitative.  This  tendency  is  displayed  by  every 
branch  of  science,  and  so  conspicuously  that  it  may  be  deemed 
characteristic.  It  is  in  accordance  with  this  tendency  that  estimate 
precedes  weighing  and  reconnaissance  goes  before  surveying ;  and 
it  is  under  the  same  tendency  that  scientific  progress  involves  con- 
stantly-increasing refinement  in  observation  and  ever-growing  ac- 
curacy in  definition.  / 

4.  In  general,  scientific  interpretation  proceeds  from  the  formal 
to  the  physical,^  from  the  material  or  the  inert  or  the  static  to  the 
dynamic.  The  po<iitions  and  movements  of  the  moon  and  planets 
were  determined  with  fair  accuracy  before  Newton  discovered  that 
the  paths  of  these  and  all  other  celestial  bodies  are  fixed  by  grav- 
ity ;  when  this  discovery  afl'orded  the  means  for  determining  po- 
sition and  movement  with  incomparably  greater  accuracy.  The 
physical  and  chemical  efl'ects  of  heal  were  recognized  for  genera- 
tions, and  were  ascribed  to  the  hypothetic  element  phlogiston  or 
the  imaginary  fluid  caloric  long  before  Joule  and  others  found  it  to 
be  merely  a  manifestation  of  molecular  motion ;  whereupon  physics 
and  chemistry  were  revolutionized  and  the  forces  of  nature  were 
gradually  harnessed  many  times  more  effectively  than  before. 

The  ancients  recognized  vitality  and  aseribed  it  usually  to  a  ma- 
terial Something  joined  to  the  matter  of  the  body.  Some  twenty- 
four  centuries  ago  sagacious  Herachtus  conceived  life  as  a  uni- 
versal fire,  and  less  than  five  centuries  ago  Paracelsus  and  after 
him  van  Helmont  wrote  of  fche  anima  mundi  or  archeus^  having  in 
mind  a  vaguely  imponderable  thing  akin  to  the  so-called  astral 
body  which  votaries  of  an  oriental  belief  imagine  themselves  able 
to  conceive  out  of  the  depths  of  transcendental  revery  ;  two  cen- 
turies ago  Hoffmann  and  other  anatomists  spoke  habitually  of  the 
vital  fluid  as  contemporary  physicists  of  phlogiston,  and  within  a 
hundred  years  leading  physiologists,  like  Hunter,  thought  and  wrote 
of  the  •' diffused  vital  material;''  less  than  a  quarter-century  ago, 
Barker  was  deemed  bold  unto  recklessness  for  undertaking  to  cor- 
relate vital  and  physical  forces,^  and  many  heads  were  shaken 

<  Ab  defined  by  Le  Conte  In  a  notable  article  '*  On  the  Stracture  and  Origin  of  Moun- 
tains/'  American  Journal  of  Science,  third  series,  vol.  xvi,  1878,  page  107. 

•  The  Correlation  of  Vital  and  Physical  Forces,"  University  Series,  Number  2  (Van 
Moatrand),  1076. 
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doubtfully  when,  in  his  presidential  address  before  the  American 
Association  at  Boston  in  1880,  the  same  brilliant  experimentalist 
ai^ed  from  the  applications  of  Mosso*s  plethysmograph  that  men- 
tal force  also  may  be  weighed  and  measured,  so  that  it  must  be 
regarded  as  interconvertible  with  other  forms  of  energy  ;^  yet  half 
a  generation  of  organic  chemistry  and  physics  has  established  these 
revolutionary  propositions  beyond  peradventure,  and  introduced 
a  new  era  of  biologic  research. 

In  the  infancy  of  geologic  science,  the  formations  and  the  ex- 
tinction of  faunas  were  ascribed  to  extra-natural  cataclysms,  the 
opening  of  valleys  and  the  shaping  of  hills  to  ill-conceived  or  in- 
conceivable catastrophes ;  with  Lyell  —  a  personal  associate  of 
scientific  men  now  living  —  came  the  doctrine  of  uniformism,  under 
which  it  is  recognized  that  existing  rains  and  rivers  and  silt  distrib- 
uting waves  are  competent  to  produce  the  land- forms  and  forma- 
tions of  the  earth,  provided  time  enough  be  allowed  them;  the 
present  generation  of  geologists,  beginning  with  Powell  and  includ- 
ing two  score  others,  have  scanned  the  pages  of  the  Great  Stone 
Br)ok  so  well  laid  open  by  Colorado  and  other  rivers,  and  have 
learned  to  read  earth-history  from  land- forms  as  well  as  formations, 
and  have  shown  that  at  least  a  portion  of  those  earth-crust  move- 
ments which  were  sheer  mystery  to  Lyell  result  from  the  slow 
transfer  of  rock-matter  by  the  action  of  running  water.  As  inter- 
pretation grew  definite  and  the  mystery  of  earth-making  dissolved, 
the  classification  gradually  changed  from  chiefly  material  or  static 
to  chiefly  dynamic ;  for  a  time  the  formations  were  dassifled  by 
the  processes  of  accumulation ;  and  now  the  foremost  geologists 
classify  earth-science  primarily  by  the  great  agencies  of  earth- 
making. 

In  anthropology  interpretation  has  not  yet  grown  definite  and 
there  are  nearly  as  many  modes  of  interpreting  as  there  are  men 
to  interpret,  yet  even  in  the  short  and  complex  history  of  this 
youngest  of  the  sciences  the  general  tendency  appears;  for  the 
earlier  classifications  were  based  on  bodily  or  somatic  features, 
while  the  more  advanced  among  current  classifications  rest  either 
on  collective  attributes  or  on  activities  of  the  human  groups  —  i.  e.« 
the  older  classifications  indicate  what  men  are^  the  newer  indicate 
what  men  do.      Only  half  a  generation  past  was  it  definitively 

»  ProceedlngB  of  the  American  AssoolaUoB  for  the  Advancement  of  Science,  toI- 
ume  XXIX,  1881,  page  12  ei  tequeniia. 
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BQggested  that  humaD  mentality  is  a  form  of  energy,  but  already 
the  testunony  of  the  plethysmograph  has  been  corroborated  in  so 
many  ways  and  so  widely  extended  that  most  scientific  students 
of  mental  phenomena  assume,  either  explicitly  or  implicitly,  the 
essentially  physical  character  of  intellectual  action ;  and  in  this 
writing  it  is  assumed  that  intellectual  energy  is  paramount  in  that 
it  is  able  lo  control  other  forms  of  energy  and  make  conquest  of 
nature  through  invention  and  construction,  and  the  faculties  and 
works  of  man  are  classified  and  interpreted  accordingly. 

So  in  astronomy  aud  physics  and  chemistry,  and  equally  in  biol- 
ogy and  geology,  the  progress  of  Science  may  be  measured  by  the 
ever-increasing  recognition  of  the  dynamic  aspect  of  phenomena, 
of  the  physical  forces  by  which  the  material  things  are  moved ; 
with  the  recognition  of  inherent  enert^y  or  motion,  observation 
progresses  from  the  merely  qualitative  to  the  quantitative,  and 
constantly  increases  in  refinement ;  and  in  view  of  this  progress  in 
other  scien(?es  it  can  hardly  be  regarded  as  premature  to  attempt 
the  extension  of  quantitative  measure  and  dynamic  interpretHtion 
to  that  side  of  anthiopology  which  deals  with  the  purely  human  at- 
tributes. 

5.  In  general,  scientific  interpretation  progresses  from  the  sta- 
tionary to  the  sequential ;  for  the  idea  of  action  engenders  the  idea 
of  succession.  The  Chaldean  shepherd,  the  Egyptian  soothsayer, 
and  the  Peruvian  priest,  like  the  earlier  oriental  astrologer,  prob- 
ably first  took  note  of  the  celestial  bodies  as  striking  features  of 
the  cosmos,  and  later  observed  their  rhythmic  procession  with  such 
care  that  cycles  were  established  and  eclipses  and  other  prodigies 
were  foretold  long  before  the  true  structure  of  the  solar  system 
was  understood.  These  ancient  observations  and  interpretations 
must  have  implanted  that  idea  of  the  uniformity  of  nature  which 
has  borne  so  splendid  fruit  during  the  present  century  ;  the  budding 
notion  found  poetic  expression  in  pleasing  fancies  of  firmaments  of 
crystal  and  the  music  of  the  spheres ;  yet  it  was  not  until  the  ger- 
minal idea  was  fertilized  by  the  Newtonian  law  that  the  marvellous 
measure  of  celestial  rhythm  came  to  be  known.  Led  by  the  planless 
expeiiments  of  daily  toil  the  mechanic  —  forerunner  of  the^physi- 
cist  —  was  the  next  to  lay  hold  on  the  notion  of  uniform  succes- 
sion;  it  grew  with  the  centuries  and  spread  into  the  neighboring 
domain  of  chemistry,  where  it  vitalized  the  dynamic  interpretation 
of  chemic  union  and  aided  in  producing  Avogadro's  law,  which, 

A.   A.   A.   B.   VOL.   XLVl  20 
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according  to  Cooke,  ''  holds  the  same  place  in  chemistry  that  the 
law  of  gravitation  does  in  astronomy  "  ^  and  forms  the  basis  of  what 
has  Justly  been  called  the  New  Cliemistry.  This  law,  like  all  others 
in  science,  afforded  a  means  of  prevision,  or  of  presaging  the  un- 
known in  terms  of  the  known,  and  thus  of  testing  its  own  validity ; 
and  as  test  followed  test  the  idea  of  orderly  succession  grew  until, 
with  the  aid  of  refined  observation  and  the  guidance  of  special  ex- 
periment, it  matured  in  the  doctrine  of  the  persistence  of  motion, 
the  key-note  of  modern  science.  Here  was  a  vantage  point  from 
which  the  astronomer  was  enabled  to  study  the  celestial  bodies,  es- 
pecially our  own  sun,  not  merely  as  masses  but  as  chemical  and 
physical  assemblages ;  and  so  arose  the  line  of  research  sometimes 
called  celestial  physics,  but  defined  and  dignified  by  Langley  as  tlie 
New  Astronomy ,3  which  has  already  afforded  a  means  of  analyzing 
the  constituents  and  measuring  the  movements  of  several  among 
the  myriads  of  other  suns  than  ours.  True,  each  of  these  strides 
in  the  advance  of  physical  science  represents  progressive  apprecia- 
tion of  cosmical  forces ;  yet  still  more  fully  do  they  represent  prog- 
ress in  recognizing  orderly  sequence  and  causal  succession  in  the 
movements  of  molar  and  molecular  bodies. 

Borrowing  from  physical  science  trenchant  idt»as  concerning 
force  and  succession,  even  the  earlier  biologists  analyzed  the 
mechanism  of  living  things  and  slowly  stripped  away  the  primitive 
panoply  of  mystery  or  divinity  in  which  the  infantile  imagination, 
whether  of  men  or  races,  has  always  enveiled  vitality.  Lamarck 
was  one  of  the  first  to  extend  the  Idea  of  orderly  succession  to 
organisms,  and  although  his  special  hypothesis  of  development  has 
fallen  into  abeyance  it  has  features  which  anthropologists  do  well 
to  remember ;  then  came  patient  Darwin  and  doughty  Huxley  and 
studious  Spencer  with  the  definite  doctrine  of  organic  evolution 
which  spread  from  man  to  man  and  from  land  to  lan«l,  producing 
the  greatest  and  quickest  intellectual  revolution  in  the  history 
of  the  world.  Albeit  revolutionary,  the  Darwinian  doctrine  was  but 
the  biotic  complement  of  the  physical  doctrine  of  the  persistence 
of  motion ;  and  the  two  doctrines  are  twin  buttresses  on  which  the 
symmetric  structure  of  modern  science  is  supported.  Through  the 
later  doctrine  the  world  and  the  things  thereof  were  transfigured 
in  a  new  beauty  and  perfection,  the  universe  was  invested  with  a 

»  "  The  New  ChemlBtry"  (International  Scientific  Series,  Vl)  1875.  page  U. 
>  *•  The  New  Astronomy,"  1888,  chapter  1. 
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new  glory,  and  the  narrow  notion  of  breaks  in  the  uniform  course 
of  nature  by  special  fiat  lost  hold  on  the  scientific  mind  forever. 

It  chanced  that  while  the  ferment  of  evolution  was  still  fresh, 
a  trio  of  American  geologists  (Powell,  followed  by  Gilbert  and 
Button)  entered  the  inspiring  region  traversed  by  Colorado  can- 
yon ;  and  before  their  work  was  done  the  germ  of  geomorphy  or 
the  New  Geology  was  planted  —  it  was  realized  more  clearly  than 
ever  before  that  the  hills  are  not  everlasting  but  ever-changing, 
and  that  the  features  of  every  landscape  tell  an  eloquent  tale  of 
continental  evolution  in  which  competent  cause  and  commensurate 
effect  follow  ever  in  ceaseless  succession  through  the  eons  of  earth- 
making.  The  task  of  the  geologist  is  not  ended,  indeed  is  only 
well  begun ;  yet  here  as  in  other  sciences  the  reign  of  law  is  real- 
ized, and  the  day  of  appeal  to  chance  is  past. 

When  Huxley  sought  '^  Man's  Place  in  Nature  "^  and  still  more 
when  Darwin  traced  "  The  Descent  of  Man,"*  the  fruitful  idea  of 
the  uniformity  of  nature  was  pushed  into  the  domain  of  anthro- 
pology, and  has  now  guided  for  a  generation  those  branches  of  the 
science  which  deal  with  the  animal  side  of  Man ;  it  is  true  that  the 
rhythmic  sequence  of  cause  and  effect  has  hardly  been  extended  so 
far  as  to  cover  the  delicate  and  elasive  attributes  of  Humanity, 
but  this  extension  is  the  aim  of  many  investigators,  the  motive  of 
the  present  writing.  Already  the  broad  realm  of  Humanity  is  f  ah'ly 
defined,  and  the  distinctive  form  of  developmental  succession 
proper  to  this  realm  is  fairly  outlined,  so  that  the  distinctness  of  the 
science  of  human  attributes  has  been  made  clear;  for  while  stellar 
and  molecular  and  organic  development  are  evolutionary  in  that  the 
main  tendency  of  change  is  toward  differentiation,  the  development 
of  humanity  is  involution ary  in  that  the  main  tendencies  are  toward 
integration  and  combination.  Conformably  to  the  fundamental 
facts  of  the  great  realms  of  nature  the  earlier  sciences  are  largely, 
perhaps  chiefly,  analytic,  while  the  science  of  humanity  is  largely, 
perhaps  chiefly,  synthetic ;  and  its  votaries  seem  to  find  reason  for 
figuring  it  as  the  central  dome  crowning  and  conjoining  the  sepa- 
rate columns  in  the  ideal  pantheon  of  Science.  If  the  confidence 
of  the  votaries  is  just,  the  youngest  of  the  sciences  may  be  expected 
to  repay  with  interest  all  that  it  received  from  the  several  branches 
of  knowledge  whence  it  sprang  —  already  indeed   it  has  thrown 

>  First  pnbliBhed  In  1868. 

«  The  flrst  edltton  of  this  notable  work  appeared  in  1871. 
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light  on  the  course  of  organic  development  through  researches  on 
the  human  body,  and  has  begun  to  guide  the  acquisition  of  knowl- 
edge through  researches  on  the  human  brain  and  its  functions; 
already  it  is  contributing  to  the  physical  sciences,  e.  ^.,  through 
the  refreshing  Powellian  doctrine  of  conservation,  or  of  common 
persistence  of  motion  and  matter  in  the  ultimate  particle,  whereby 
ideas  concerning  the  mechanism  of  the  universe  would  seem  to  be 
immeasurably  simplified  and  extended ;  and  th^re  are  other  ways 
in  which  the  youngest  science  is  daily  contributing  to  the  stock  of 
definite  knowledge — their  name  is  legion. 

So  it  is  that  science  has  always  progressed  from  the  rare  to 
tlie  common,  from  the  remote  to  the  near,  from  the  abnormal  to  the 
normal,  from  the  simply  qualitative  to  the  quantitative,  from  the 
merely  material  aspect  to  the  physical  aspect,  from  the  primitive 
faith  in  fixity  to  living  realization  of  causal  succession.  At  first 
sight  this  progress  may  seem  puzzling,  even  paradoxical ;  yet  the 
general  course  is  but  an  expression  of  the  order  of  intellectual 
operations  pursued  in  scientific  research.  The  first  step  is  obser- 
vation, which  is  easy  when  the  objects  observed  are  isolated  or 
distinct,  increasingly  difificult  as  the  objects  increase  in  number 
and  similarity;  the  second  step  is  generalization,  which  is  rela- 
tively easy  when  the  objects  examined  are  few,  relatively  difl^cult 
when  they  are  many  ;  while  the  ancillary  process  of  discrimination 
of  the  incongruous  likewise  grows  laborious  with  the  multiplication 
of  objects  and  similarities.  Accordingly  it  is  easy  to  study  the 
rare,  the  remote,  and  the  abnormal,  and  as  faculty  is  strengthened 
by  exercise  it  gradually  becomes  easy  lo  progress  toward  the 
common,  the  near,  and  the  normal.  So  also  qualitative  determina- 
tion is  easy,  quantitative  determination  diflScult  —  indeed  exact 
quantitative  work  is  impossible  without  careful  training,  as  num- 
berless surveyors  and  teachers  can  testify.  In  like  manner  inter- 
pretation in  terms  of  the  material,  coupled  with  appeal  to  the 
snpematural  when  obstacles  are  encountered,  is  relatively  easy  and 
characteristic  of  the  indolent  or  immature  mind,  while  the  firm 
grasp  of  analogy  :ind  homology,  and  the  clear  recognition  of 
energy  and  sequence,  require  both  native  capacity  and  systematic 
training.  Accordingly  scientific  interpretation  in  terms  of  action 
and  succession  is  the  end  of  mental  effort,  and  may  be  regarded 
as  the  highest  expression  of  intellectuality.     This  correspondence 
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between  the  method  of  research  and  the  history  of  Science  through- 
out the  centuries  amply  attests  the  excellence  of  the  method.  Yet 
it  is  not  to  be  forgotten  that  just  as  intellectual  grasp  strengthens 
so  interpretation  is  simplified,  partly  through  the  elimination  of 
that  question-begging  mysticism  wliich  pervades  all  primitive 
philosophies,  partly  through  clearer  arrangement  of  facts  and  rela- 
tions ;  and  as  interpretation  grows  simple  three  especially  note- 
worthy effects  follow:  (1)  each  step  in  interpretation  makes  the 
later  steps  easier;  (2)  as  the  labor  lightens,  more  energy  is  left 
for  the  next  task,  and  the  mind  of  the  student  pushes  into  new 
fields  of  study  and  from  time  to  time  organizes  new  branches  of 
inquiry;  and  (8)  with  each  extension  of  inquiry  mental  faculty  is 
stimulated  and  strengthened.  These  tendencies  are  clearly  indi- 
cated by  the  bii-th  and  growth  of  new  sciences  recorded  in  the 
history  of  research  beginning  with  the  celestial  bodies  Science  has 
extended  to  mechanical  bodies,  vegetals.  animals,  the  earth  itself, 
then  to  the  human  body,  individual  and  collective ;  and  now  it  is 
reaching  out  toward  the  special  attributes  of  mankind,  the  things 
nearest  to  human  welfare  and  happiness. 


The  domain  of  Anthropology  is  vast,  and,  partly  by  reason  of 
its  very  magnitude,  is  sometimes  deemed  indefinite ;  yet  in  the  light 
of  the  hijstory  of  Science  in  general  its  limits  and  subdivisions  may 
ea5<ily  be  outlined. 

History  and  analogy  combine  to  show  that  the  study  of  Man 
began  with  wounds  and  diseases  and  grew  into  surgery  and  medi- 
cine, which  were  at  first  thaumatui^ic  but  gradually  became  ra- 
tional or  scientific;^  and  in  this  way  definite  knowledge  of  the 
human  body  gradually  accumulated  and  Anatomy  and  Physiology, 
with  various  ancillary  sciences  and  sub-sciences,  took  form  and 
function.  Meantime  the  organs  of  the  human  body  were  com- 
pared and  identified  with  those  of  beasts  and  birds  (which  were 
long  the  better  known) ,  and  comparative  anatomy  was  established ; 
but  it  was  not  until  observation  and  generalization  were  fertilized 
by  scientific  zoology  that  the  study  of  structures  in  their  functional 

*  The  genesis  of  nargery,  and  IncldentAlly  of  medicine,  l»  treated  in  a  memoir  on 
"  Primitive  Trephining  in  Peru,"  Sixteenth  Annaai  Report  of  the  Bureau  of  Ameri- 
can Ethnology,  18B1,  especially  on  pages  19  and  72. 
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aspect  took  shape  in  Morphology.  Under  the  inflaence  of  humani- 
tarian therapy  and  the  unprecedented  stimulus  of  the  Darwinian 
doctrine  of  development,  the  investigations  of  the  last  century, 
and  particularly  the  last  quarter-century,  have  extended  from 
structures  to  functions  and  thence,  through  the  fruitful  science  of 
Embryology,  to  human  ontogeny  and  phylogeny  —  to  the  individ- 
ual and  generic  evolution  of  Man  considered  as  an  animate  organ- 
ism. Accordingly  there  are  several  branches  of  science  which  deal 
alike  with  the  human  oi^anism  and  the  various  other  animal  and 
even  vegetal  organisms  of  the  great  vital  series  in  which  Man  is 
usually  (though  not  invariably)  considered  the  culminating  and 
crowning  form.  Here  anthropology  and  biology  blend ;  but  it  is 
convenient  and  desirable  to  distinguish  that  division  of  the  Sci- 
ence of  Man  which  deals  with  the  organic  features  of  the  order 
Bimana,  and  this  science  or  subscience  is  frequently  called  Samct' 
tology.  Although  the  oldest  and  the  simplest  among  the  divisions 
of  the  anthropic  sciences,  Somatology  comprises  various  special 
branches  of  knowledge  commonly  classed  as  sciences,  including 
Pathology,  Physiology,  Etiology,  etc.,  representing  the  specific 
methods  and  purposes  of  particular  classes  of  investigators. 

The  early  books  and  maps  of  civilized  nations  show  that  ex- 
plorers and  pioneers  were  profoundly  impressed  by  the  far-away 
peoples  encountered  in  their  wanderings ;  there  are  not  only  ac- 
counts but  pictures  of  headless  men  with  faces  in  their  chests,  of 
Cyclops  with  single  eyes  set  skyward,  and  of  other  impossible  mon- 
strosities in  human  semblance ;  even  since  zoology  became  fairly 
definite,  accounts  of  ten- foot  giants  in  Patagonia  and  three- foot 
pygmies  in  Central  Africa  and  other  lands  remote  or  hidden  have 
gained  cuiTcncy  and  credence.  As  exploration  continued,  the  un- 
conscionable extravagancies  of  vision  were  gradually  corrected, 
and  the  explorers  came  to  see  alien  races  in  proper  form  and  some- 
thing like  proper  stature ;  yet  the  interest  in  the  stranger  peoples 
remained  unabated  and  led  to  systematic  observation  and  record. 
Borrowing  methods  from  biology  the  observers  or  their  interpreters 
sought  to  classify  the  men  of  different  continents  and  provinces 
and  islands  by  somatic  characters  —  by  stature,  color  of  skin, 
color  and  texture  of  hair,  color  and  attitude  of  eyes,  form  of  fea- 
ture, form  and  size  of  skull,  peculiarities  of  long  bones,  etc.,  and, 
as  the  researches  became  definite  and  fruitful,  they  were  combined 
in  a  science  of  races  called  Ethnology,    This  science  has  much  in 
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common  with  biology,  and  is  a  direct  ontgrowtb  from  that  group 
of  sciences  pertaining  to  the  baman  body  combined  under  the  term 
Somatology. 

After  centuries  of  unscientific  and  unsuccessful  search  for  the 
seat  of  the  soul  through  baseless  deduction  and  blind  introspec- 
tion, certain  thinkers  began  to  profit  by  contemporary  researches 
in  anatomy  and  physiology ;  and  as  eye  and  mind  were  trained  — 
even  as  the  eye  and  mind  of  the  traveler  were  trained  not  to  make 
monstrosities  out  of  unfamiliar  races  —  the  form  and  function  of 
the  nervous  system  were  gradually  recognized,  and  the  dominance 
of  the  brain  was  finally  established.     Only  within  a  generation  or 
two  has  the  brain  been  investigated  in  a  scientific  way  and  with 
due  appreciation  of   the  importance  of  that  marvellous  ganglion 
preformed   in  the   articulates,  potentialized   throughout  the  long 
line  of  vertebrates,  and  perfected  in  the  ultimate  mammalian  form 
of  the  genus  Homo;  yet  during  the  present  quarter- century  there- 
search  has  been  organized  in  a  science  already  cultivated  in  many 
lands  and  taught  in  most  of  the  leading  universities.     The  earlier 
promoters  of  this  science  approached  the  subject  haltingly  from 
the  speculative  or  deductive  side,  and  perhaps  for  this  reason  the 
science  is  named  not  so  much  from  the  organ  itself  as  from  its 
product  Psychology.     This  modern  science  is  not  to  be  confounded 
with  certain  fantastic  notions  sometimes  foisted  under  the  same 
designation  which  do  little  more  than  obstruct  progress ;  the  parent 
stock  of  the  science  was  indeed  speculative  —  as  is  most  knowledge 
in  the  beginning,  —  but  so  soon  as  the  graft  of  somatology  was 
affixed  it  became  fruitful.     It  is  to  be  noted  that  while  somatology 
is  essentially  biotic  and  ethnology  is  biotic  in  so  far  as  it  rests  on 
bodily  features,  psychology  pushes  beyond  the  domain  of  biology 
proper,  partly  in  that  the  human  brain  owes  its  perfection  of  de- 
velopment to  the  essentially  human  attributes,  partly  in  that  the 
science,  as  commonly  defined,  embraces  both  brain  and  mind  — 
both  organ  and  product. 

So  there  are  three  well-established  and  widely  recognized  sciences 
whose  object- matter  is  Man  considered  as  an  organism  ;  by  some 
students  (especially  those  of  past  decades)  they  are  held  to  con- 
stitute the  whole  of  Anthropology ;  by  others  they  are  combined 
as  Physical  Anthropology  and  regarded  as  including  only  the  animal 
side  of  Man  but  excluding  nearly  the  whole  of  the  essentially  hu- 
man side  —  nearly  but  not  quite  the  whole,  since  the  field  of  psy- 
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chology  is  common  ground.     This  is  the  view  of  several  modern 
anthropologists,  and  is  that  held  in  this  writing. 

VI. 

Passing  from  that  portion  of  the  domain  of  Anthropology  which 
deals  with  Man  as  an  animate  genus,  there  is  found  another  and 
still  broader  portion  occupied  by  that  which  Man  does  as  a  sen- 
tient, volitient,  and  intelligent  being ;  it  is  true  that  this  portion  of 
the  domain  is  less  definite  than  the  other,  yet,  in  the  light  of  in- 
tellectual progress  its  limits  and  subdivisions  also  may  be  outlined, 
albeit  in  some  measure  provisionally. 

The  early  explorers  who  came  home  laden  with  travelers'  tales 
sometimes  brought  also  more  tangible  cargo  in  the  form  of  strange 
wares ;  and  so  the  handiwork  of  the  world  gradually  came  under 
the  observation  of  students,  and  in  time  museums  were  built  partly 
to  accommodate  the  constantly  increasing  collections  of  primitive 
and  alien  arts.  Meantime  observant  persons  in  many  lands  were 
attracted  by  relics  of  archaic  culture  in  the  form  of  implements, 
weapons,  ornaments,  apparel,  and  habitations,  as  well  as  burial 
places  sometimes  containing  the  bones  of  the  ancient  artisans; 
and  these  too  were  collected,  and  museums  were  built  to  accommo- 
date them  in  connection  with  the  artificial  material  gathered  among 
the  living  peoples  of  distant  lands.  As  collectors  and  collections 
multiplied  the  work  was  organized ;  and  although  the  initial  stim- 
ulus came  from  observation  in  remote  countries  the  interest  grew 
inward  —  as  is  the  way  of  advancing  knowledge  —  and  the  local 
research  for  the  rare  relics  of  past  ages  was  the  first  to  receive 
name  and  character  as  the  science  of  Archaeology.  As  observa- 
tions multiplied  resemblances  were  found  between  the  culture- prod- 
ucts of  remote  times  and  remote  places ;  the  arts  of  primitive  peoples 
were  found  to  vary  in  a  manner  corresponding  more  or  less  closely 
to  race,  and  thereby  ethnic  research  gained  new  impetus  and  served 
in  turn  to  guide  research  in  the  prehistoric ;  so  Archseology  and 
Ethnology  became  mutually  helpful  and  grew  apace  and  came  to 
be  intimately  associated  in  most  minds,  despite  the  fact  that  the 
one  is  concerned  primarily  with  what  man  is,  the  other  with  what 
man  does ;  and  in  some  circles  these  branches  of  inquiry  came  to 
be  regarded  as  constituting  the  whole  of  Anthropology. 

At  first  the  products  of  ancient  and  alien  handiwork  were  ac- 
cepted at  their  token  value,  much  like  the  chemic  elements  before 
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Avogadro,  the  planetary  movements  before  Newton,  our  sun  and 
others  before  the  doctrine  of  the  persistence  of  motion,  tlie  organic 
species  before  Darwin;  but  within  a  generation  or  two  it  has 
come  to  be  realized  that  they  possess  an  innate  value  as  exponents 
of  intellectual  activity  —  as  medals  of  human  creation  collectively 
attesting  the  birth  and  growth  of  discovery  and  invention,  design 
and  motive,  and  all  other  human  faculties.  Perhaps  the  time  has 
not  come  for  defining  this  stage  in  the  progress  of  anthropology  ; 
it  may  be  that  the  transition  is  not  yet  complete,  or  that  the  re- 
lations are  too  complex  for  easy  grasp ;  yet  it  seems  clear  that 
when  the  anthropologist  first  saw  in  the  implement  of  shell  or  stone 
an  index  to  the  mental  operations  of  the  implement- maker  hardly 
less  definite  than  the  written  page  to  the  thought  of  the  writer,  the 
Science  of  Man  rose  to  a  higher  plane  with  a  bound  comparable  to 
those  marking  great  epochs  in  the  development  of  the  other  sciences. 
Now  in  Science  each  advance  gives  a  new  standpoint  from  which 
a  broader  view  may  be  gained ;  and  with  the  recognition  of  what 
may  be  called  the  dynamic  aspect  of  artificial  objects,  the  way  was 
prepared  for  further  progress.  It  was  soon  perceived  that  the  sim- 
plest devices  are  supplements  to  or  substitutes  for  bodily  oi^ans  — 
that  the  knife  of  shell  or  tooth  or  stone  is  a  supplement  to  teeth  and 
nails,  that  the  hammer-stone  multiplies  the  eflQciency  of  blows, 
and  that  the  missile  is  equivalent  to  an  indefinite  prolongation  of 
reach ;  and  accordingly  it  was  realized  that,  in  so  far  as  he  is  a 
maker  and  user  of  implements  and  weapons,  even  the  lowest  sav- 
age rises  above  the  plane  of  purely  animal  life.  It  was  next  per- 
ceived that  even  the  simplest  devices  react  on  the  organisms  in 
various  ways :  the  substitution  of  the  shell  knife  for  nails  and 
teeth  diminishes  the  exercise  and  hence  the  vigor  of  these  organs 
and  removes  them  from  the  category  of  cbfiracters  subject  to  de- 
velopment through  the  survival  of  the  fittest  in  the  strife  for  exist- 
ence, so  that  in  so  far  as  he  employs  devices  in  lieu  of  organs  the 
savage  passes  beyond  the  realm  of  oi^anic  development  by  natural 
selection  ;  at  the  same  time  the  exercise  of  making  and  using  arti- 
ficial devices  in  lieu  of  natural  organs  tends  to  develop  distinctively 
intellectual  or  cerebral  characters  ;  so  that  the  effect  of  competition 
in  the  use  of  devices  is  not  only  to  remove  Man  from  the  realm  of 
the  biotic  but  to  set  him  on  a  definite  course  of  development  in  a 
new  realm  —  the  realm  of  the  artificial  or  essentially  human.  As  the 
view  of  the  artificial  continued  to  broaden  it  was  perceived  that 
while  the  simpler  devices  may  appertain  to  individuals  they  are  not 
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integral  purt  of  llje  individual  like  th(^  organs  which  they  supple- 
ment, but  may  and  do  pass  from  hand  to  band  and  from  group  to 
group ;  also  that  the  use  of  a  device  by  one  person  prompts  others 
to  acquire  and  use  similar  devices,  which  they  are  able  to  do  imme- 
diately througli  mere  exercise  of  individual  volition  (rather  than 
slowly  through  generations  of  natural  selection) ,  so  that  each  dis- 
covery or  invention  is  at  once  the  germ  of  a  line  of  devices  and  a 
stimulus  to  intellectual  power;  and  thus  it  was  recognized  that 
there  is  a  strong  communal  tendency  in  the  realm  of  the  artificial  — 
that  the  development  of  devices  tends  toward  interchange  and  co- 
operation, yet  ever  of  such  sort  as  to  augment  intellectual  power 
and  elevate  the  human  above  the  subhuman. 

Jn  the  light  of  the  dynamic  interpretation  of  devices  it  is  easy 
to  perceive  the  trend  of  superorganic  succession,  or  development 
of  the  artificial,  and  to  contrast  it  with  the  course  of  biotic  evolu- 
tion. The  substance  or  substratum  of  the  latter  is  living  matter, 
that  of  the  former  any  matter,  living  or  dead,  with  which  man 
chooses  to  deal ;  the  mode  of  this  is  slow  elimination  of  the  unfit 
and  unpremeditated  survival  of  the  fit,  the  method  of  that  is  im- 
mediate imitation  and  designed  improvement  of  the  ingenious ;  the 
tendency  of  biotic  evolution  is  toward  organic  differentiation,  that 
of  artificial  development  mainly  toward  organic  persistence  with 
endless  multiplication  and  integration  of  devices ;  the  effect  of  the 
one  is  individual  or  egoistic,  that  of  the  other  communal  and  al- 
truistic. With  the  recognition  of  the  dynamic  and  successional 
aspects  of  artificial  devices.  Anthropology  gained  a  new  signifi- 
cance ;  for  to  its  objects-matter  in  the  form  of  the  human  body  and 
human  races  and  the  human  brain  there  was  added  the  whole  series 
of  artiticial  devices  and  the  exceeding  potent  intellectual  activities 
which  these  devices  represent  —and  this  addition  is  the  basis  of 
what  is  here  styled  the  Science  of  Humanity.' 

VII. 

When  artificial  devices  were  interpreted  in  terms  of  activities,  a 
new  classification  of  human  handiwork  arose.     At  the  same  time 

1  The  enlargement  of  the  domain  of  Anthropology  as  here  set  forth  Is  regarded  as 
marking  the  most  important  epoch  in  the  development  of  this  science,  one  of  the  most 
important  in  tlie  history  of  Science  in  general.  Several  investigators  have  contrib- 
uted to  It;  perhaps  the  earliest,  one  of  the  most  voluminous,  and  certainly  the  most 
original  of  these  contributors  is  J.  W.  Powell,  whose  preliminary  writings  have  ap. 
peared  in  a  large  number  of  addresses,  official  reports,  and  minor  papers,  though 
his  final  conclusions  are  not  yet  published. 
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the  activities  themselves  became  objects  of  research,  which  soon 
passed  beyond  the  collections  and  extended  to  the  maltifarious 
material  devices  in  daily  use  among  living  peoples  in  the  various 
stages  of  civilization  from  savagery  to  enlightenment ;  still  later 
the  research  was  extended  to  the  intellectual  or  non-material  devices 
which  preeminently  distinguish  mankind,  such  as  law,  letters,  and 
learning  in  their  numberless  aspects.  The  study  of  the  activities 
is  now  suflSciently  advanced  to  indicate,  at  least  provisionally,  their 
relations  among  each  other  and  to  the  merely  organic  processes ; 
they  may  be  arranged  in  the  order  of  their  aflSnity  with  the  vital. 

1.  The  primary  activities  of  mankind  are  connected  with  more 
or  less  spontaneous  sensations  of  pleasurable  character.  They 
arise  and  expand  in  fairly  definite  order ;  among  known  primitive 
peoples  they  appeal  chiefly  to  the  senses,  and  among  more  ad- 
vanced peoples  they  appeal  largely  to  the  emotions  and  the  purely 
intellectual  faculties  ;  they  root  in  sports,  games,  and  decorations, 
and  mature  in  the  fine-arts  of  painting,  sculpture,  the  drama,  poesy, 
and  music  —  t.  e.,  they  constitute  the  esthetics.  The  artificial  de- 
vices growing  out  of  these  activities  go  far  towards  filling  those 
museums  of  the  world  devoted  to  archaic  and  ethnic  material ;  and 
nearly  a  third  part  of  current  anthropologic  literature  is  devoted 
to  this  class  of  objects  and  the  activities  which  they  represent. 
The  activities  and  the  activital  products  form  the  objects-matter  of 
a  broad  and  fruitful  field  of  inquiry  known  of  late  as  Esthetology. 

2.  Intimately  connected  with  the  primary  activities,  and  also 
originating  in  spontaneous  vital  processes  though  becoming  domi- 
nant only  by  organization  through  exercise  and  volition,  there  are 
other  activities  tending  toward  the  maintenance  of  physical  wel- 
fare. From  a  simple  beginning  in  occupations  akin  to  those  of 
the  beasts,  they  arise  and  expand  with  each  step  in  cultural  ad- 
vancement from  savagery  to  enlightenment;  at  first  confined  to 
food-getting,  they  extend  also  to  the  making  of  apparel,  the  build- 
ing of  habitations,  and  eventually  to  the  supply  of  intellectual  de- 
mands—  i.  e.,  they  constitute  the  industries  of  common  parlance. 
The  material  devices  growing  out  of  the  industrial  activities  have 
enriched  anthropologic  museums  almost  equally  with  those  growing 
out  of  esthetic  activities ;  and  piobably  a  fourth  part  of  the  cun-ent 
litei*ature  of  anthropology  is  devoted  to  them  and  the  activities  by 
which  they  are  produced.  Together  they  form  the  objects  matter 
of  a  large  and  rich  science  commonly  called  Technology, 
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It  is  to  be  Doted  that  the  greater  part  of  the  material  investi- 
gated by  the  archseologist  pertains  also  to  the  fields  of  Estbetolo^y 
and  Technology,  though  these  are  far  broader  in  that  they  extend 
not  only  to  a  greater  variety  of  activital  products  but  to  the  ac- 
tivities themselves.  It  may  also  be  noted  that  both  esthetics  and 
industries,  originating  as  they  do  in  vital  processes,  are  primarily 
individual,  though  they  become  collective  partly  through  cx>mbina- 
tion  with  hiu;lier  activities ;  while  the  higher  activities  of  the  series 
are  primarily  collective.  It  is  noteworthy,  too,  that  the  two  lower 
classes  of  essentially  human  activities  rest  on  a  material  basis  and 
are  represented  primarily  by  material  devices,  while  the  activities 
of  higher  planes  rise  above  the  material  in  their  essential  character 
and  are  only  incidentally  represented  by  material  devices. 

3.  The  activities  of  the  third  class  are  connected  with  collective 
relations  ;  and  since  they  grow  out  of  consanguinity  or  family  rela- 
tion they  mny  be  said  to  have  a  biotic  germ.  In  general  the  prod- 
ucts of  these  activities  originate  as  customs  which  grade  into 
regulations  and  later  into  laws,  and  are  perpetunted  in  tribal,  na- 
tional, and  other  institutions.  The  activities  and  their  products 
are  most  intimately  connected  with,  and  indeed  form  the  chief 
basis  of,  cultural  progress.  In  the  first  culture  stage,  correspond- 
ing to  what  is  commonly  called  savagery,  the  collective  or  social 
relation  is  based  on  kinship  traced  in  the  maternal  line ;  in  the 
stage  commonly  called  barbarism,  social  relation  rests  on  kinship 
traced  through  the  paternal  line  —  these  stages  forming  tribal  so- 
ciety. In  the  third  stage  the  social  organization  passes  from 
patriarchy  through  feudalism  or  an  equivalent  intermediate  condi- 
tion not  yet  formulated  to  that  stage  of  individual  property- right 
in  lands  and  goods,  which  is  commonly  called  civilization ;  and 
men  are  now  passing  into  the  stage  characterized  by  intellectual 
property-right  which  is  commonly  called  enlightenment — the  organ- 
ization ill  the  last  two  stages  being  essentially  nonconsanguineal 
and  constituting  what  is  sometimes  called  national  society.  The 
several  activities  and  activital  products  belonging  to  this  class  form 
the  objects-matter  of  a  fecund  science  commonly  called  Sociology  — 
though  the  day  of  final  agreement  concerning  the  definition  of  the 
term  is  not  yet. 

4.  In  some  measure  the  activities  of  the  fourth  class  are  an 
outgrowth  of  those  of  the  third,  since  they  are  essentially  super- 
organic  and  may  be  regarded  as  a  means  of  establishing  and  main- 
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taining  relation ;  they  comprise  expression,  paDtomimic,  oral,  and 
graphic.  Like  the  other  activities  they  arise  and  expand  in  a 
certain  order;  beginning  with  what  is  somewhat  incongruoasly 
called  gesture-spet'ch  and  with  rudely  articulate  language,  they 
mature  in  oratory  and  literature ;  and  it  is  significant  that  the  lines 
of  development,  so  far  as  ascertained,  run  counter  to  those  of 
biotic  evolution  in  that  they  are  almost  wholly  convergent  instead 
of  divergent  —  so  that  these  activities  pertain,  in  every  essential 
respect,  to  the  siiperorgnnic  realm  of  Humanity.  The  principal 
activities  are  speech  and  writing  ;  the  tangible  products  are  legend 
and  literature  —  but  the  rich  and  ever-growing  content  of  these 
products  is  Knowledge.  The  activities  of  expression  and  their 
products  are  commonly  combined  as  the  object-matter  of  a  distinct 
science  frequently  called  Philology  —  though  in  this  case,  too,  there 
is  diversity  in  definition  and  also  in  designation. 

5.  There  remains  a  class  of  elusive  and  protean  yet  immeasur- 
ably potent  activities  which  come  so  near  the  ego  and  are  so  hard 
to  grasp  and  difficult  to  convey  that  it  would  seem  almost  hopeless 
to  attempt  to  define  them;  they  are  ihe  essentially  intellectual 
activities  which  form  the  motive  and  buixlen  of  expression,  and 
their  products  comprise  beliefs,  opinions,  knowledge,  wisdom  and 
all  other  purely  intellectual  possessions.  These  activities  also  arise 
in  a  definite  order,  which  is  set  forth  incidentally  in  earlier  para- 
graphs ;  and  by  most  systematic  thinkers  they  are  considered  to 
mature  in  science.  The  activities  and  their  products  are  so  obscure 
and  so  diverse  that  they  have  not  been  combined  and  named  in  the 
vernacular ;  yet  they  are  by  some  stuciente  regarded  as  the  objects- 
matter  of  one  of  the  bro}idest  of  the  special  sciences,  SophfologyJ 

So  there  are  five  classes  of  essentially  human  a(  tivities  and  ac- 
tivital  products,  each  so  rich  in  phenomena  and  principles  and  so 
far  distinct  from  all  other  classes  of  things  as  to  constitute  an 
adequate  basis  for  a  science ;  they  are  the  fine-arts  or  esthetics, 
giving  basis  for  Esthetology ;  industries,  forming  the  objects-mutter 
of  Technology ;  organizations  or  institutions,  affording  foundation 
for  Sociology ;  language  and  literature  with  their  science  of  Phi- 
lology ;  and  the  great  plasma  of  knowledge,  forming  the  ill  defined 
but  all-important  object-matter  of  Sophiology.  The  five  fields  of 
research  pertain  primarily  to  Man  and  thus  represent  Anthropology ; 
yet  even  casual  survey  of  their  extent  and  character  renders  it 
evident  that  they  pertain  not  at  all  to  the  animal  side  of  Man  but 

1  sixteenth  Annua]  Report  of  the  Bureau  of  American  Ethnology,  1897,  page  xtIU. 
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wholly  to  that  side  which  intellectual  Man  alone  possesses  —  they 
are  five  sciences  of  Humanity.  Partly  to  distinguish  them  from 
the  three  distinct  branches  of  knowledge  concerning  animal  Man, 
partly  to  fix  their  place  in  the  body  of  knowledge,  they  have  re- 
cently been  combined  under  the  term  Demonomy;  ^  and  this  system 
of  oi^anized  knowledge  concerning  wholly  human  things  may  fitly 
be  designated  the  greater  Science  of  Humanity. 


VIII. 

As  knowledge  arises  it  is  applied  to  the  promotion  of  happiness 
and  welfare ;  this  has  been  true  of  unorganized  and  unconsciously 
organized  knowledge  throughout  the  history  of  mankind,  and  is 
especially  true  of  definitely  organized  knowledge,  which  thereby 
becomes  applied  science.  Now  knowledge  concerning  the  human 
activities,  even  while  unconscious  or  half  conscious  only,  reacts 
upon  and  shapes  the  activities  in  such  manner  as  constantly  to  in- 
crease their  potency.  Some  of  the  ways  in  which  the  science  of 
humanity  stimulates  and  strengthens  human  activities  are  espec- 
ially noteworthy. 

1 .  While  the  great  domain  of  anthropology  is  divisible  into  an 
animal  side  comprising  three  broad  sciences  and  a  human  side  made 
up  of  five  still  broader  fields  of  research,  other  classifications  are 
possible,  and  indeed  of  special  utility  when  directed  toward  the 
practical  application  of  the  science  to  everyday  affairs  —  for  any 
assemblage  of  facts  and  relations  may  be  classified  in  as  many  ways 
as  there  are  purposes  of  classification.  Experience  shows  that 
theie  is  a  peculiar  advantage  in  classifying  certain  sciences  by 
method  of  research  rather  than  by  the  objects  under  investigation. 
Classified  in  this  way,  anthropology  comprises  (1)  demography, 
i.  e.,  the  enumeration  and  description  of  men,  activital  products, 
etc. ;  (2)  human  geography  (or  anthropogeography) ,  dealing  with 
the  geographic  distribution  of  peoples  and  their  products;  (3) 
political  economy,  which  is  concerned  primarily  with  applied  social 
forces  and  their  products ;  (4)  history,  which  deals  with  the  rise 
and  fall  of  peoples  and  nations ;  and  (5)  philosophy,  which  scru- 
tinizes materials  and  forces  and  sequences  and  seeks  the  causes  of 
growth  and  decadence  among  human  things.  This  classification 
traverses  the  same  domain  as  tlie  more  general  one,  and  serves  to 

>  Fifteenth  Annual  Report  of  the  Barean  of  Kthnology,  ISVl,  ptige  zlz. 
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bring  out  the  same  facts  and  relations  in  somewhat  different  light 
—  t.  «.,  it  is  artificial  rather  than  natural,  technical  rather  than 
logical,  subjective  rather  than  objective,  directive  rather  than  crea- 
tive ;  in  brief,  it  pertains  to  applications  rather  than  to  original 
research.  For  certain  purposes  it  is  desirable  to  combine  the  clas- 
sifications and  define  special  fields  of  inquiry  by  the  coincidence 
between  the  two,  as  has  recently  been  done  happily  by  Giddings^ 
and  others ;  for  the  lines  of , thought  represented  in  the  two  systems 
are  strengthened  by  interaction  —  the  one  represents  science  while 
the  other  may  stand  for  statecraft  or  learning,  and  the  two  com- 
bine to  advance  mankind  in  knowledge  and  power. 

2.  At  the  outset  the  science  of  ethnology  was  closely  afiSliated 
with  zoology,  representing  indeed  little  more  than  the  concentra- 
tion of  biologic  inquiry  on  a  single  order  of  animate  organisms ; 
but  with  the  recognition  of  human  activities,  this  science  was  raised 
to  a  new  plane.  The  applications  of  demonomy  in  the  classifica- 
tion of  peoples  and  races  are  many  and  sweeping ;  already  the  na- 
tives of  the  western  hemisphere  are  classified  primarily  by  language 
and  incidentally  by  other  demotic  features  rather  than  by  any  or 
all  biotic  characters ;  already  the  great  stages  in  human  progress 
from  savagery  to  enlightenment  are  seriated  in  terms  of  social  or- 
ganization in  lieu  of  those  of  the  bodily  features  with  which  the 
biologist  is  wont  to  deal ;  already  the  present-day  ethnologist  gives 
first  thought  to  the  arts,  industries,  institutions,  languages,  and 
ideas  of  the  races  rather  than  to  any  or  all  of  those  individual  fea- 
tures comprised  in  stature  and  form  and  color ;  already  indeed  the 
recognition  of  human  activities  and  the  course  of  human  develop- 
ment has  served  to  revolutionize  the  science  of  races  no  less  com- 
pletely than  the  older  sciences  were  revolutionized  by  recognition 
of  force  and  sequence  —  and  just  as  the  New  Astronomy,  the  New 
Chemistry,  and  the  New  Geology  are  distinguished,  so  it  is  meet  to 
distinguish  a  New  Ethnology  as  a  science  of  artificially  organized 
groups  rather  than  of  mere  upright  animals. 

3.  With  the  rise  of  knowledge  concerning  activities,  it  was 
perceived  that  the  primary  function  and  ultimate  end  of  devices 
have  always  been  to  extend  and  increase  human  power,  to  enable 
man  to  control  plants,  to  subjugate  animals,  and  to  evade  or  utilize 
sun  and  storm,  t.  e.,  to  make  conquest  of  lower  nature;  accord- 
ingly it  was  recognized  that,  whil^  the  human  characters  reflect 

1  <«  The  Principles  of  Sociology,"  1896,  page  49. 
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environment  measurably,  as  the  purely  biotie  characters  do  fully,  it 
is  the  essential  tendency  and  character  of  man  to  control,  rather 
than  to  be  controlled  by,  his  environment.  This  human  power  did 
not  spring  into  being  full-fledged  —  indeed  modern  science  knows 
no  Minervan  birth  —  but  grew,  up  slowly  through  the  exercise  and 
gradual  strengthening  of  volition  and  the  evolution  of  design  ;  so 
primitive  peoples  are  partially  controlled  by  their  environment 
While  the  control  diminishes  with  suqpessive  culture  stages  up  to 
that  of  enlightened  man  who  dominates  by  multifarious  devices 
nearly  every  phystical  force.  Examination  of  the  successive  stages 
iu  emancipation  from  environment  brings  to  light  many  significant 
relations ;  thus  it  is  found  that  when  two  or  more  primitive  peoples 
of  similar  culture  are  subjected  to  similar  conditions  of  environ- 
ment their  minds  respond  in  similar  ways,  so  that  similar  devices 
are  discovered  or  invented ;  and  recognition  of  this  law  of  human 
progress  has  served  to  correct  some  of  the  most  persistent  misap- 
prehensions by  which  anthropology,  like  all  other  sciences  in  their 
infancy,  has  been  bui*dened.  At  the  same  time  the  recognition  of 
progressively  increasing  conquest  over  the  inorganic  and  the  or- 
ganic merely  has  served  to  define  and  dignify  man's  estate  at  the 
head  of  all  nature. 

4.  Although  certain  human  chanicters  and  characteristics  were 
already  under  investigation,  it  can  hardly  be  said  that  mankind  in 
general  came  into  the  domain  of  scientific  inquiry  until  the  Dar- 
winian doctrine  of  evolution  was  accepted;  accordingly,  anthro- 
pologists at  first  regarded  Man  as  subject  to  the  laws  of  organic 
development  through  the  survival  of  the  fittest.  Then  came  the 
recognition  of  activital  development  in  contradistinction  from  or- 
ganic development ;  and  the  pendulum  of  opinion  swung  back  so 
far  that  most  modern  anthropologists  implicitly  assumed  the  hu- 
man form— the  form  of  the  order  Bimana,  genus  Homo,  and  species 
sapiens — to  be  fixed  and  final.  It  now  appears  that  the  pendulum 
swung  too  far ;  for  a  long  series  of  highly  significant  yet  but  half 
appreciated  observations  indicate  that,  just  as  the  human  mind 
dominates  the  materials  and  forces  of  lower  nature,  so  may  it 
measurably  control  and  fashion  the  organism  in  which  it  is  em- 
bodied ;  already  hygiene  and  gymnastics  have  improved  unnum- 
bered physiques  and  lengthened  the  days  of  thousands :  already 
lea(iing  educational  institutions  maintain  physical  departments  in 
which  they  undertake  so  to  shape  and  strengthen  the  limbs  and 
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langs  and  even  the  heart  and  bone  of  the  matriculate  that  he  may 
be  graduated  sound  in  body  as  strong  in  mind  —  yet  these  indica- 
tions would  seem  only  to  point  the  way  of  progress  and  promise 
still  better  things  in  human  development  as  later  generations  rise. 
5.     The   most  elusive  attributes  of  humanity  are  those  mani- 
fested in  conduct  and  feeling  and  thought ;  yet,  paradoxically,  it 
was  these  obscure  products  of  intellectual  activity  that  men  first 
sought  to  guide  and  control  —  for  in  every  generation  in  each  stage 
of  culture  from  the  lowest  savagery  to  the  highest  enlightenment, 
parents  have  essayed  to  train  their  children,  while  first  the  tribal 
leaders  and  later  the  sages  and  statesmen  have  semi-consciously  or 
in  full  consciousness  striven  ceaselessly  to  shape  the  minds  of  the 
masses.     So  education,  or  the  voluntary  con ti-ol  of  individual  men- 
tality for  the  common  good,  has  affected  profoundly  the  entire  course 
of  human  development,  and  has  served  ever  to  widen  the  chasm 
separating  man  from  the  beasts.  In  the  earlier  stages  of  culture, 
as  indicated  by  the  customs  of  savages  still  living,  education  was 
limited  to  the  lowly  esthetic  and  industrial  activity  of  the  prime  ; 
for  the  primitive  thinker  ascribes  motive,  complex  feeling,  and  all 
but   the   simplest  actions  to   ill-conceived   extraneous  potencies 
against  which  it  were  bootless  to  strive.     In  higher  savagery  and 
in  barbarism  the  sphere  of  education  extended  to  those  features 
of  conduct  involved  in  the  maintenance  of  tribal  relations,    and 
was   effected   partly  by  means   of  habitual  appeal  to  the  extra- 
neous potencies  which  were  gradually  crystallized  in  mythic  sys- 
tems themselves  arising  in  a  certain  order  determined  partly  by 
educational  practice ;  for  in  much  of  savagery  and  in  all  of  bar- 
barism the  sources  of  sentiment  and  motive  are  sought  outside  the 
individual  and  largely  beyond  the  realm  of  tlie  real.'     With  the 

^ThlB  is  explained  by  the  law  of  myth.  Among  feral  and  t«ome  domestic  tinimalH, 
many  of  the  works  of  man  and  certain  naturnl  phenomena  of  unusual  occurrence  are 
apparently  regarded  as  uncanny,  and  are  feared  accordingly ;  even  among  the  lowest 
humans  perception  Is  sharper  than  among  the  beantH,  ho  that  a  wider  variety  of  things 
are  uncanny  and  fearsome,  and  in  the  unconscious  effort  for  preservation  of  self  iind 
kind  these  objects  are  Invested  with  mystery;  in  lower  or  middle  savagery,  the  un- 
canniness  and  mystical  potency  are  gradually  segregated  about  the  more  capricious, 
i.  c,  the  self-moving  or  animate  things,  and  a  zoic  mythology  (zoothcism  or  animism) 
arises;  in  higher  savagery  and  barbarism  perception  Is  still  further  extended,  and 
the  mystery  is  transferred  gradually  to  the  shifting  heavenly  bodies  and  capricious 
terrestrial  agencies  — sun,  moon,  nearer  planets,  storm-wlncl,  thunder  and  light- 
ning—  which  are  first  invested  with  zoic  and  afterward  with  anthropic  forms  and 
'habits;  and  it  is  only  in  civilization  that  the  del  lie  concejtts  are  spiritualized  and  re- 
duced from  protean  multiplicity  to  unity  or  duality.  This  course  of  development 
represents  a  highly  significant  concentration  or  crystallization  of  supernaturalism 

A.  A.  A.  S.  VOL.   XLVl  21 


322  SECTION    H. 

birth  of  civilization,  edacation  extended  to  feeling  and  thought, 
partly  through  appeal  to  ideal  potencies,  and  there  was  a  tendency 
to  exalt  the  esthetic  and  neglect  the  industrial ;  and  certain  educa- 
tional systems  rose  so  high  into  the  sapernal  or  passed  so  far  into 
the  metaphysical  as  to  lose  sight  alike  of  individual  conduct  and 
of  the  sources  of  real  knowledge.  In  modem  enlightenment  — 
especially  in  America  —  the  methods  and  purposes  of  training  are 
shaped  by  science,  and,  despite  the  struggle  of  the  scholastics, 
education  is  becoming  revolutionized.  With  the  recognition  of  an 
actual  universe  knowal)le  through  sense  and  reason,  training  be- 
comes definite  in  plan  and  useful  in  purpose ;  with  the  recognition 
of  cerebral  function  and  of  the  influence  of  exercise  in  developing 
the  brain,  the  scientific  i)sychologist8  of  the  present  decade  have 
gone  far  in  erecting  a  new  platform  for  pedagogy ;  and  witli  the 
recognition  of  the  relations  among  the  activities  and  the  activital 
products  of  man.  the  normal  course  of  intellectual  development 
would  appear  to  have  been  made  clear —  for  it  seems  manifest  that 
just  as  observation  begins  with  the  simple  and  proceeds  toward  the 
complex,  and  just  as  activity  begins  with  the  spontaneous  and 
passes  into  the  volitional,  so  individual  and  collective  mentality 
must  arise  in  simple  and  perhaps  spontaneous  action,  to  grow 
through  habit  into  sentiment,  and  to  mature  through  unconscious 
or  conscious  thought  in  definite  motive.  It  is  heterodox,  perhaps 
in  more  senses  than  one,  to  affirm  that  motive  —  the  noblest  char- 


which  cannot  fall  to  hnpreHK  HtudentH  of  8ophlolog>'  ah  manifested  in  the  several  cul- 
ture stages;  for  among  the  more  primitive  peoples  supernaturalism  is  always  the 
more  prominent  and  the  more  dominant,  though  at  the  same  time  the  less  definite. 
The  reason  for  this  progress  is  found  in  the  development  of  mental  operations.  Prim- 
itive man,  like  the  beasts,  possesscH  but  little  real  knowledge  derived  from  experi- 
ence and  little  C4ipaclty  for  organizing  that  knowledge  in  definite  systems,  so  that 
most  of  tlie  natural  obje<*ts  and  processes  and  sequences  by  which  he  is  sorrounded 
are  inscrutable  to  him.  Now,  the  more  unusual  objects  and  processes  representing 
extraordinary  conditions  and  forces  are,  on  the  whole,  the  more  injurious  or  destruc- 
tive, so  that  by  investing  the  unusual  with  fearsome  and  repellent  uncanniness  the 
prototype  of  intellectual  man  increases  his  chance  of  surviving  and  perpetuating  hie 
kind;  and  thereby  the  germ  of  myth  is  quickened  in  the  genus  through  the  sunival 
of  the  mystically  inclined  Again  it  is  the  function  of  intellect  to  coordinate  sense- 
imv>i'essionM  (or  to  interpret  and  classify  thintrs  perceived),  and  this  function  is  per- 
formed spontaneously  by  the  aid  of  memory  and  tliat  form  of  imagination  involved 
in  prevision;  when  the  mental  content  of  real  knowledge  of  objects  and  processes 
and  sequences  is  small,  the  hungry  mind  is  driven  to  feed  on  the  shadows  of  knowl- 
edge supplied  thi*ough  imagination,  so  that  the  mental  operations  of  the  inchoate 
thinker  habitually  exalt  the  unreal  and  it  is  chiefly  the  imaginative  faculty  that  is 
strengthened  by  exercise.  Then,  as  imagination  stimulates  memory  and  enkindlet} ' 
reason,  hypothesis  and  inference  (albeit  crude  and  largely  unreal)  begin  to  domi- 
nate action  and  raise  the  prototype  above  the  plane  of  unthinking  bestiality;  the 
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acter  of  humaDity, — buds  in  spontaneons  action,  blossoms  in 
subconscioas  habit,  and  attains  fraition  in  the  highest  iDtelleetual 
activity  —  whether  unconscious  or  conscious  —  of  which  the  indi- 
vidual or  group  is  capable ;  certainly  the  aflQrmation  represents 
complete  inversion  of  a  notion  dominant  in  savagery,  prevalent  in 
barbarism,  and  gradually  weakening  through  civilization  ;  yet  it  is 
sustained  by  all  that  is  known  of  the  processes  of  acquiring  knowl- 
edge, by  the  history  of  the  growth  of  knowledge  in  general,  and, 
indeed,  by  nearly  all  applied  statecraft  and  most  applied  priest- 
craft throughout  human  history.  The  recognition  of  the  genesis 
and  antecedents  of  motive  must  afford  a  vantajre  point  for  a  clearer 
survey  of  the  vast  field  of  human  emotion,  affection,  passion,  as- 
piration, disposition ;  and,  at  the  same  time,  it  lannot  fail  to  give 
a  key-note  for  improved  education  —  for  tiie  still  more  complete 
control  of  Mind. 

These  are  but  a  few  of  the  many  ways*  in  which  the  great  sci- 
ence based  on  human  activities  tends  to  bring  order  out  of  that 
vast  chaos  of  action  and  thought  which  has  so  long  resisted  analy- 
sis and  synthesis  —  that  last  citadel  of  the  unknown. 


IX. 

Hitherto  Humanity  has  been  the  theme  of  poesy  and  romance 
rather  than  of  sober  science.  All  men  have  perceived  that  their 
kind  possess  attributes  distinguishing  them  from  the  rocks  and 
plants   and  beasts  of  lower  nature,  yet  for  the  most  part  these 

growing  mind  expands  chiefly  in  tlie  direction  of  the  unreal  or  mythical,  yet  since 
even  myth-burdened  intellectuality  elevates  man  and  affords  new  meann  of  subjugat- 
ing lower  nature,  the  more  thoughtful  tend  to  persist  and  perpetuate  their  stock;  and 
thereby  the  burgeon  of  myth  is  fostered  among  human  kind  by  the  survival  of  the 
imaginative.  So  the  predominant  mysticism  cliarac^terizing  primitive  peoples  was  a 
normal  If  not  necessary  feature  of  nascent  intellectual  action,  and  was  perpetuated 
partly  by  reason  of  its  concomitant  benellts  during  all  of  the  earlier  stages  of  cul- 
tural development.  Initially  beneflcial,  mysticism  and  myth  pcrnisted  and  even  in- 
creased through  association  coupled  with  intellectual  indolence,  as  already  suggented 
in  connection  with  the  law  of  development  of  fable  (Sixteenth  Annual  Report  of  the 
Bureau  of  American  Ethnology,  1897,  page  22);  at  first  a  mild  extra  naturalism,  it 
grew  by  exercise  of  imagination  into  profound  supernaturaliHra ;  and  as  knowledge 
of  natural  law  advanced  the  concept  was  gradually  abstracted  and  driven  from  the 
real  world  Into  the  realm  of  the  supernal.  Such,  in  brief,  is  the  law  of  myth,  as  set 
forth  In  greater  detail  elsewhere. 

1  One  of  these  is  the  c^ontrol  of  society  itself  for  the  common  good,  as  shown  by 
Ward  in  his  masterly  memoir  on  '•  Dynamic  Sociology,"  which  it  niuut  suflice  to  men 
tion  merely. 
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attribates  were  either  ignored  or  transfigured  into  a  dazzling  halo 
which  defied  analysis  none  the  less  by  reason  of  its  subjective  char- 
acter ;  even  to-dav  and  in  the  most  enlightened  circles  of  the  most 
enlightened  nations  there  are  few  willing  to  consider,  and  content 
to  consider  dispassionately,  the  purely  human  attributes ;  hot  to 
these  few  the  chaos  of  industries  and  ideals,  of  emotions  and  pas- 
sions, of  conduct  anrl  motive,  and  of  all  other  things  human,  falls 
into  a  simple  order  nearly  as  definite  as  the  order  recognized  in 
each  of  the  older  sciences — the  order  of  human  activities  and  activ- 
ital  products. 

Exact  knowledge  began  with  the  remote  and  progressed  toward 
the  near ;  with  every  stage  of  progress  it  lias  been  a  power  for  the 
conquest  of  natural  forces  and  conditions,  has  exalted  intellectual 
mankind  above  all  brainless  or  small- brained  creatures,  and  has 
made  continually  for  human  welfare  and  happiness ;  and  now  that 
the  methods  and  purposes  of  science  are  extending  to  the  human 
body  and  brain,  it  cannot  be  doubted  that  these,  like  all  other 
material  things,  will  be  controlled  and  reconstructed  for  the  good 
and  the  glory  of  intelligent  Man.  This  is  the  end  of  the  Science 
of  Humanity. 


PAPERS  READ. 

[abstracts.] 

A    8TUDV    FROM    THE    OmAHA    TKIBK  :    THK    IMPORT    OF    THE   TOTKM.      By 

Alice  C.  Fletcher,  Peabody  Museum,  Harvard  Univ.,  Cambridge, 
Mass. 

In  this  study  of  the  significance  of  the  Omaha  totem,  the  aim  will  be 
to  set  forth,  as  clearly  as  possible,  flrst,  what  these  Indians  believed  con- 
cerning their  totems;  and,  secondly,  what  these  totems  stood  for  in  the 
tribal  structare. 

There  will  l>e  no  attempt  in  this  paper  to  treat  the  subject  of  totems  in 
a  world  sense ;  the  experience  of  many  years  of  research  within  a  limited 
area  has  shown  the  writer  that  close,  careful  studies  of  the  various  tribes 
and  races  of  the  two  hemispheres,  arc  as  yet  too  few  to  afford  sufliclent 
evidence  for  a  final  summing  up,  from  which  to  deduce  points  held  In 
common,  or  the  equally  Important  Hues  of  divergence,  found  In  the  be- 
liefs and  customs  involved  in  the  use  of  totems. 

It  18  proper  to  call  attention  at  the  outset  to  a  few  of  the  perplexities 
of  a  research  at  flrst  hand,  in  a  matter  as  recondite  as  that  under  con- 
sideration. There  Is  the  dlflSculty  of  adjusting  one's  own  mental  attitude, 
of  preventing  one*s  own  mental  atmosphere  from  deflecting  and  distort- 
ing the  image  of  the  Indian's  thought.  The  fact  that  the  Implications  of 
the  totem  are  so  rooted  in  the  Indian's  mentality,  that  he  Is  unconscious 
of  any  strangeness  in  them,  and  is  unable  to  discuss  them  objectively, 
constitutes  a  grave  obstacle  to  be  overcome.  Kxplanatlons  of  his  beliefs, 
customs  and  practices,  have  to  be  sought  by  Indirect  rather  than  by  direct 
methods,  have  to  be  eliminated  from  a  tangle  of  contradictions,  and  veri- 
fied by  the  careful  noting  of  the  many  little  unconscious  acts  and  sayings 
of  the  people,  which  let  In  a  flood  of  light,  revealing  the  Indian's  mode 
of  thought,  and  disclosing  Its  underlying  ideas.  By  these  slow  processes, 
with  the  analysis  of  his  songs,  rituals  and  ceremonies,  we  can  at  last 
come  upon  his  beliefs  concerning  nature  and  life,  and  It  Is  upon  these 
that  the  totem  Is  based. 

There  were  two  classes  of  totems  known  among  the  Omahas :  the  Per- 
sonal, belonging  to  the  Individual ;  and  the  Social,  that  of  societies  and 
gentes. 

The  Personal  Totem. — The  question  first  to  arise  Is,  IIow  did  the  Indl- 
vidnal  obtain  his  totem?  We  learn  that  It  was  not  received  from  an 
ancestor,  was  not  the  gift  of  any  living  person,  but  was  derived  through 
a  certain  rite,  by  the  man  himself. 

(326) 
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In  the  Legend  of  the  Sacred  Pole  of  the  Oraahas,  -which  has  been 
handed  down  from  generations,  and  which  gives  a  rapid  history  of  the 
people  from  the  time  when  "  they  opened  their  eyes  and  beheld  the  day** 
to  the  completed  organization  of  the  tribe,  we  are  told :  '  *  The  people 
felt  themselves  weak  and  poor.  Then  the  old  men  gathered  together  and 
said ;  Let  us  make  our  children  cry  to  Wa-kon'-da.  ...  So  all  the 
parents  took  their  children,  covered  their  faces  with  soft  clay,  and  sent 
them  forth  to  lonely  places.  .  .  .  The  old  men  said,  You  shall  go  forth 
to  cry  to  Wa-ko7i'-da.  .  .  .  When  on  the  hills  you  shall  not  ask  for  any 
particular  thing,  .  .  .  whatever  is  good,  that  may  Wa-kon'-da  give. 
.  .  .  Four  days  and  nights  upon  the  hills  the  youth  shall  pray,  crying, 
and  when  he  stops,  shall  wipe  his  tears  with  the  palms  of  his  hands,  lift 
his  wet  hands  to  heaven,  then  lay  them  on  the  earth.  .  .  .  This  was 
the  people*s  first  appeal  to  Wa*kon'-da." 

This  rite,  called  by  the  untranslatable  name  Non'-zhin-zhon,  has  been 
observed  up  to  the  present  time.  Wlien  the  youth  had  reached  the  age  of 
puberty,  he  was  instructed  by  his  parents  as  to  what  he  was  to  do. 
Moistened  earth  was  put  upon  his  head  and  face,  a  small  bow  and  arrows 
given  him,  and  he  was  directed  to  seek  a  secluded  spot  upon  the  hills,  and 
there  to  chant  the  prayer  which  he  had  been  taught,  and  to  lift  his  hands 
wet  with  his  tears  to  heaven,  and  then  to  lay  them  upon  the  earth ;  and  he 
was  to  fast  until  at  last  he  fell  into  a  trance  or  sleep.  If,  in  his  trance  or 
dream,  he  saw  or  heard  anything,  that  thing  was  to  become  the  special 
medium  through  which  he  could  receive  supernatural  aid.  'Ihe  ordeal 
over,  the  youth  returned  home  to  partake  of  food  and  to  rest.  No  one 
questioned  him,  and  for  four  days  he  spoke  but  little,  for  if  within  that 
time  he  should  reveal  his  vision,  it  would  be  the  same  as  lost  to  him. 
Afterwards  he  could  confide  it  to  soBie  old  man,  known  to  have  had  a 
similar  manifestation,  and  it  then  became  the  duty  of  the  youth  to  seek 
until  he  should  find  the  animal  he  had  seen  In  his  trance,  wheu  he  must 
slay  it  and  preserve  some  part  of  it  (iu  cases  where  the  vision  had  been 
of  no  concrete  form,  symbols  were  taken  to  represent  it) ;  this  memento 
was  ever  after  to  be  the  sign  of  his  vision,  his  totem,  the  most  sacred 
thing  he  could  ever  possess,  for  by  it  his  natural  powers  were  to  l>e  so 
reinforced  as  to  give  him  success  as  a  hunter,  victory  as  a  warrior,  and 
even  the  power  to  see  into  the  future. 

Belief  concerning  Nature  and  Life. — The  foundation  of  the  Indian's 
faith  in  the  efficacy  of  the  toten)  rested  upon  his  belief  concerning  nature 
and  life.  This  belief  was  complex  and  involved  two  prominent  ideas: 
first,  that  all  things,  animate  and  inanimate,  were  permeated  by  a  com- 
mon life ;  and,  second,  that  this  life  could  not  be  broken,  but  was  con- 
tinuous. 

The  Common  Life, — The  idea  of  a  common  life  was  in  its  turn  complex, 
but  its  dominating  force  was  conceived  to  be  that  which  man  recognized 
within  himself  as  will  power.  This  power  which  could  make  or  bring  to 
pass  he  named  Wa-kon'-da. 

The  question  arises,  did  the  Omaha  regard  Wa-kon'-da  as  a  supreme 
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being?  There  is  no  evidence  that  he  did  so  regard  the  power  represented 
by  that  word,  nor  is  there  any  intimation  that  he  had  ever  conceived  of 
a  single  great  ruling  spirit. 

Anthropomorphism, — The  word  Wa-kon'-da  appears  to  have  expressed 
the  Indian's  conception  of  immanent  life,  manifest  in  ail  things.  Grow- 
ing out  of  this  conception  w^as  a  kind  of  nnthropomorphism;  the  char- 
acteristics of  man  were  projected  upon  all  nature:  the  Hock,  in  the 
rituals,  was  addressed  as  "Aged  One!"  sitting  with  *' furrowed  brow" 
ami  "wrinkled  loins;"  the  Tree  lived  a  double  life  in  the  Indian's  fancy; 
as  did  the  Water,  the  Fire,  the  Winds,  and  the  Animals.  This  duality 
can  be  recognized  in  myths,  in  legends,  in  rituals,  and  in  the  parapher- 
nalia of  ceremonies,  in  which  there  is  a  constant  confusion  of  the  exter- 
nal aspect  and  the  anthropomorphic  conception.  All  things  were  distinct 
from  man,  but  in  the  subtle  bond  of  a  common  life,  embodying  the  idea 
of  will,  or  directive  energy,  they  were  akin  to  him,  and  could  lend  him 
the  aid  of  their  special  powers,  even  as  he  could  help  or  hinder  his 
fellow  men. 

Will-poioer. — We  trace  the  (Omaha's  estimate  of  his  own  will-power  in 
the  act  called  Wa-zhi«'-dhe-dhe  (wa-zhin,  directive  energy;  dhe-dhe  to 
send;),  in  which,  through  the  singing  of  certain  songs,  strength  could  be 
sent  to  the  absent  warrior  in  the  stress  of  battle;  or  thought  and  will  he 
projected  to  help  a  friend  win  a  game  or  a  race;  or  even  so  to  influence 
the  mind  of  a  man,  as  to  affect  its  receptivity  of  the  supernatural.  Aside 
from  the  individual  practice  of  this  power,  there  was,  so  to  speak,  a  col- 
lective energy  exercised  by  the  Ho»'-he-wa-chi  society  in  the  act  of  Wa- 
zhin'-a-gdhe  (wa-zhin,  directive  energy ;  a-gdhe,  to  place  upon;),  where 
the  members  so  flxed  their  will  upon  an  obnoxious  person,  as  to  isolate 
him  from  all  helpful  relations  with  men  and  animals,  and  leave  him  to 
die.  A  similar  ability  to  aid  or  to  injure  was  imputed  to  the  elements 
and  all  natural  forms.  The  Winds  could  bring  health  to  man ;  the  Stone 
insure  him  long  life;  the  Elk  could  endow  the  pursued  with  speed;  and 
the  Hawk  make  the  warrior  sure  to  fall  upon  his  enemy.  But  it  U  to  be 
noticed,  that  while  man's  own  will  was  believed  to  act  directly,  without 
intervening  instrumentality  upon  his  fellows,  the  supplementing  of  man's 
powers  by  the  elements  and  the  animals,  was  obtainable  only  after  an 
appeal  to  Wa-kon'-da,  in  the  rite  of  the  vision. 

The  Appeal  —The  prayer,  which  formed  a  part  of  the  rite  of  the  vision, 
was  called  Wa-kon'-da  gi-kon.  Gi  gi-kon'  is  to  weep,  from  loss  as  that 
of  kindred;  the  prefix  gi  indicates  possession.  Gi-ko/i  is  to  weep  from 
want  of  something  not  possessed,  from  conscious  insufficiency,  and  the 
longing  for  something  that  could  bring  happiness  or  prosperity.  The 
words  of  the  prayer,  wa-kon'-da  dhedhu  \vah-pa'-dhi;i  a-tow'-he,  literally 
rendered  are,  wa-kow'-da  here  needy  I  stand.  (A-ton-he  is  in  the  third 
person,  and  implies  the  first,  as  he  stands,  and  I  am  he;  a  form  of 
speech  used  to  indicate  humility.)  While  this  prayer  has  been  combined 
with  many  rites  and  acts,  its  inherent  unity  of  name  and  words  has  been 
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preserved  through  generations  of  varied  experience  and  social  develop- 
ment of  the  people.* 

Wa-kon'-da  was  a  vague  entity  to  the  Omaha,  but  the  anthropomorphic 
coloring  was  not  laclcing  in  the  general  conception;  the  prayer  voiced 
man*s  ever  present  consciousness  of  dependence,  was  a  craving  for  help, 
and  implied  a  belief  in  some  mysterious  power  able  to  understand,  and 
respond  to  his  appeal.  The  response  came  in  a  dream,  or  trance,  where- 
in an  appearance  spoke  to  the  man,  thus  initiating  a  relation  between 
them,  which  was  not  established  until  the  man,  by  his  own  effort,  had 
procured  a  symbol  of  his  visitant,  which  might  be  a  feather  of  the  bird, 
a  tnft  of  hair  from  the  animal,  a  black  stone,  or  a  trAnslucent  pebble. 
This  memento  or  totem  was  never  an  object  of  worship;  it  was  the 
man's  credential,  the  fragment,  to  connect  its  possessor  with  the  poten- 
tiality of  the  whole  species  represented  by  the  form  seen  in  his  vision, 
and  through  which  the  man's  strength  was  to  be  recnforccd  and  disaster 
averted. 

Basis  of  the  Efficactj  of  the  Totem.—The  efficacy  of  the  totem  was 
based  upon  the  Omaha's  belief  in  the  continuity  of  life,  a  continuity 
which  not  only  linked  the  visible  to  the  invisible,  and  bound  the  living  to 
the  dead,  but  which  kept  unbroken  the  thread  of  life  running  through 
all  things,  making  it  impossible  for  the  part  and  the  entirety  to  be  dis- 
associated. Thus,  one  man  could  gain  power  over  another  by  obtaining 
a  lock  of  his  hair,  which  brought  the  man  himself  under  his  influence. 
In  the  ceremony  of  the  llrst  cutting  of  the  child's  hair,  the  severed  lock 
which  was  given  to  the  Thunder  god,  placed  the  life  of  the  child  in  the 
keeping  of  the  god.  Again,  when  a  man's  death  had  been  predicted  —  by 
one  gifted  to  see  into  the  future  —  the  disaster  could  be  averted  by  cer- 
tain ceremonies  which  included  the  cutting  off  a  lock  of  hair  from  one 
side  of  the  head,  and  a  bit  of  flesh  from  the  arm  on  the  opposite  side  of 
the  body,  and  casting  them  into  the  fire ;  by  this  sacrifice  of  a  part,  the 
whole  wavS  represented,  the  prediction  fulfilled,  and  the  man  permitted  to 
live.  From  the  ritual  of  the  Corn,  sung  when  the  priest  distributed  the 
kernels  to  indicate  that  the  time  for  planting  had  come,  wc  learn  that 
these  kernels  were  the  little  portions  which  would  draw  to  themselves 
the  living  corn.  In  the  ritual  sung  over  the  Sacred  Buffalo  Hide  prior  to 
the  hunt,  the  same  idea  is  present,  that  in  the  continuity  of  life,  the  part 
is  ever  connected  with  the  whole,  and  that  the  Sacred  Buffalo  Hide  was 
able  to  bring  within  reach  the  living  animal  itself. 

Limitation  in  Totems. — The  totem  opened  a  means  of  communication 
between  man  and  the  various  agencies  of  his  environment,  but  it  could 
not  transcend  the  power  of  its  particular  species;  consequently  all  to- 
tems were  not  equally  potent.  Men  who  saw  the  Bear  in  their  visions  were 
liable  to  be  wounded  in  battle,  as  the  bear  was  slow  of  movement,  clumsy 
and  easily  trapped,   although  a  savage  fighter  when  brought  to  bay. 

'  Thin  prayer  can  be  seen  on  page  136,  Song  No.  73,  of  Vol.  1,  No.  5,  of  the  Archie- 
ologlcal  and  Ethnological  papers  of  the  Peabody  Museum.— Harvard  Unlvenjlty. 
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Winii^ecl  forms,  snch  as  the  Eagle,  having  greater  range  of  sight  than  the 
creatures  which  traveled  upon  the  ground,  could  bestow  upon  the  men 
to  whom  they  came  in  the  dream  the  gift  of  looking  into  the  future  and 
foretelling  coming  events.  Thunder  gave  the  ability  to  control  the  ele- 
ments, and  the  authority  to  conduct  certain  religious  rites. 

Despite  the  advantages  to  be  derived  from  the  possession  of  certain 
totems,  the  inculcations  given  when  the  youth  was  instructed  in  the  rite 
of  the  vision,  and  taught  the  prayer  he  was  to  sing,  forbade  him  to  ask 
for  any  special  gift,  or  the  sight  of  any  particular  thing ;  he  was  simply  to 
wait  without  fear,  and  to  accept  without  question,  whatever  Wa-kon'-da 
might  vouchsafe  to  send  him.  No  man  was  able  to  choose  his  personal 
totem,  but  it  was  the  general  belief  of  the  people  that  the  powerful  ani- 
mals and  as:encies  were  apt  to  be  drawn  toward  those  who  possessed 
natural  gifts  of  mind,  and  strength  of  will. 

Nature  of  the  Tot cnw.  — The  totems  of  the  Omahas  referred  to  animals 
the  Bear,  the  Buflklo,  the  Deer,  the  Birds,  the  Turtle,  and  Reptiles ;  to 
the  Com;  to  the  elements,  the  Winds,  the  Earth,  the  Water,  and  Thun- 
der. There  was  nothing  among  them  which  in  any  way  represented  the 
human  family,  nor  was  there  any  trace  of  ancestor  worship ;  the  relation 
between  the  man  and  his  totem  did  not  lie  along  the  line  of  natural  kin- 
ship, but  rested  upon  the  peculiarities  in  his  theory  of  nature,  in  which 
the  win  and  ability  to  l)ring  to  pass,  which  he  was  conscious  of  within 
himself,  he  projected  upon  the  universe  which  encompassed  him.  The 
rite  of  the  vision  was  a  dramatization  of  his  abstract  ideas  of  life  and 
nature,  and  the  totem  was  the  representation  of  the  vision  in  a  concrete 
form. 

TUB  SOCIAL  TOTEM  AND  WHAT  IT  STOOD  KOK  IN  THK  TRIBK. 

We  have  thus  far  seen  the  intiuence  of  the  totem  upon  the  iiulividual. 
We  are  now  to  trace  it  as  exerted  upon  groups  of  people;  in  the  Kelig- 
ious  societies ;  in  the  Ton'-won-gdhou  or  gens;  and  in  the  development 
and  organization  of  the  tribe. 

Religious  Societies.  —  The  totem's  simplest  form  of  social  action  was 
in  the  Religions  societies,  whose  structure  was  based  upon  the  grouping 
together  of  men  who  had  received  similar  visions.  Those  who  had  seen 
the  Bear  made  up  the  Bear  society ;  those  to  whom  the  Thunder  or  Water 
beings  had  come  formed  the  Thunder  or  the  Pebble  society.  The  mem- 
bership came  from  every  kinship  group  in  the  tribe,  blood  relation- 
ship was  ignored,  the  bond  of  union  being  a  common  right  in  a  common 
vision.  These  brotherhoods  gradually  developed  a  classified  membership 
with  initiatory  rites,  rituals,  and  oflicials  set  apart  to  conduct  the  cere- 
monials. 

The  function  of  the  totem  in  the  societies  was  intermediate  between 
that  of  the  individual  totem,  and  the  totem  in  its  final  social  office,  where 
it  presided  over  an  artificial  structure,  in  which  natural  conditions  were 
in  part  overruled,  and  the  people  inevitably  bound  together.  In  some  of 
the  tril)es  of  the  linguistic  group  to  which  the  Omahas  belong,  where  the 
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political  structure  of  the  gens  is  apparently  weak  and  undeTeloped,  the 
Religious  societies  exist  and  are  powerful  in  their  organization.  This 
fact,  with  other  evidence  which  cannot  be  detailed  here  owing  to  its 
complex  nature,  together  w^ith  the  similarity  traceable  between  the  rituals 
and  ceremonies  of  these  Religious  societies,  and  those  incident  to  the 
inauguration  of  gentile  and  tribal  officers,  malces  it  seem  probable,  tliat  the 
training  and  experience,  derived  from  the  working  of  these  earlier  socie- 
ties, had  taught  the  Leaders  among  the  Omahas  and  their  close  cognates, 
certain  lessons  in  organization,  by  which  they  had  profited  during  ihe 
formative  period  of  the  artificial  social  structure  of  the  To»'-won-gdhon 
or  gens. 

The  Ton'-won-ydhon, —  The  word  Ton'-won-gdhon,  means  a  place  of 
dwellings,  where  kindred  dwelt  together.  There  were  ten  Ton'-wow- 
gdhon  uzhu — dominant,  ruling  Ton'-won-gdhon— or  gentes,  in  the  Omaha 
tribe.  These  gentes  practised  exogomy,  and  traced  their  descent  only 
through  the  father.  Each  gens  had  its  particular  name,  which  referred 
directly  or  symbolically  to  its  totem,  which  was  kept  in  mind  by  the  prac- 
tice of  tabu.  There  was  also  a  set  of  names  peculiar  to  each  gens,  all 
having  the  same  reference,  one  of  which  was  bestowed  upon  each  child ; 
an  Omaha's  gentile  name,  therefore,  would  at  once  reveal  his  kinship 
group  or  gens.  This  name  was  proclaimed  at  the  time  of  the  ceremony 
attendant  upon  the  cutting  of  the  first  lock  of  hair.  After  this  ceremony 
the  child's  hair  was  cut  in  a  fashion  to  symbolize  the  totem  of  its  gens, 
and  each  spring,  until  it  was  about  seven  years  of  age,  this  peculiar  trim- 
ming of  the  hair  was  repeated.  The  teaching  of  this  object  lesson,  so 
placed  before  the  children,  was  reenforced  by  their  training  in  the  strict 
observance  of  the  special  tabu  of  their  gentes,  holding  ever  before  them 
the  penalties  for  its  violation,  of  blindness,  physical  deformity,  and 
disease. 

There  were  religious  rites  peculiar  to  each  gens  in  which  the  members 
did  homage  to  the  special  power  represented  by  the  gentile  totem.  In 
these  ceremonies,  the  hereditary  chiefs  of  the  gens  were  the  priests.  It  is 
easy  to  see  why  the  totem  was  never  forgotten,  why  its  sign  was  borne 
through  life,  and  at  last  put  upon  the  dead,  in  order  that  they  might  be  at 
once  recognized  by  their  kindred,  and  not  wander  as  they  passed  into  the 
spirit  world. 

Office  of  the  Totem  in  the  Gens.  ^In  the  early  struggle  for  existence, 
the  advantages  accruing  from  a  permanent  kinship  group,  both  in  resist- 
ing aggression  and  in  securing  a  food  supply,  could  not  fall  to  have  been 
perceived;  and,  if  the  people  were  to  become  homogeneous  and  the  prac- 
tice of  exogomy  continue,  some  expedient  must  have  been  devised  by 
which  permanent  groups  could  be  maintained,  and  kinship  lines  be  de- 
fined. The  common  belief  of  the  people,  kept  virile  by  the  universal 
practice  of  the  rite  of  the  vision,  furnished  this  expedient,  — a  device 
which  could  be  understood  and  accepted  by  all,  —  the  concrete  sign  of  the 
vision,  the  totem  of  the  Leader,  he  whose  abilities  and  prow^ess  evinced 
supernatural  favor,  and  won  for  his  followers  success  and  plenty. 
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From  a  study  of  the  minatis  of  the  customs  und  ceremonies  within  the 
genSt  it  is  apparent  that  their  underlying  purpose  was  to  impress  upon 
the  people  the  knowledge  and  the  duties  of  Iclndrcd,  und,  that  one  of  the 
most  important  of  these  duties  was  the  maintenance  of  the  union  of  the 
gens.  This  union  of  kindred  we  find  to  have  been  guarded  by  the  agency 
of  the  totem.  The  name  of  the  gens,  the  personal  names  of  its  mem- 
bers, and  the  practice  of  tabu,  —  obligatory  updu  all  persons,  except  the 
hereditary  chiefs,  while  they  were  officiating  in  the  gentile  rites  pertain- 
ing to  the  totem,  —indicate  a  common  allegiance  to  a  supernatural  pres- 
ence believed  to  preside  over  the  gens  by  virtue  of  its  relation  to  the 
common  ancestor.  These  rites  did  not  imply  ancestor  worship,  but  were 
a  recognition  of  the  special  power  represented  by  the  totem.  We  also 
find  that  the  gentile  totem  and  its  rites  did  not  interfere  with  a  man's 
freedom  in  seeking  his  personal  totem,  nor  of  his  use  of  it  when  desiring 
help  from  the  mysterious  powers.  The  gentile  totem  ^ave  no  immediate 
hold  upon  the  supernatural,  as  did  the  individual  totem  to  its  possessor; 
outside  the  rites  already  referred  to,  it  served  solely  as  a  mark  of  kinship, 
and  its  connection  with  the  supernatural  was  manifest  only  in  its  punish- 
ment of  the  violation  of  tabu.  Briefly  stated,  the  inculcation  of  the 
gentile  totem  was,  that  the  individual  belonged  to  a  definite  kinship  group, 
from  which  he  could  never  sever  himself  without  incurring  supernatural 
punishment. 

Social  growth  depended  upon  the  establishment  of  distinct  groups,  and 
the  one  power  adequate  for  the  purpose,  was  that  which  was  believed  to 
be  capable  of  enforcing  the  union  of  the  people  by  supernaturally  inflicted 
penalties.  The  constructive  influence  of  the  totem  is  apparent  in  the 
unification  of  the  Ton'-won-gdhom  or  gens,  without  which  the  organiza- 
tion of  the  tribe  would  have  been  impossible. 

The  Influence  of  the  Religioxis  Societies  upon  the  Gens. —  In  the  Religious 
societies  the  people  were  made  familiar  with  the  idea  that  a  common  vis- 
ion could  create  a  sort  of  brotherhood.  This  fraternity  was  recognized 
and  expressed  by  the  observance  of  rites  and  ceremonies,—  in  which  all 
the  members  took  part, —  setting  forth  the  peculiar  power  of  the  totem. 
The  influence  of  this  training  in  the  Religious  societies  is  traceable  in  the 
structure  of  the  gens,  where  the  sign  of  a  vision,  the  totem,  became 
the  symbol  of  a  bond  between  the  people,  augmenting  the  natural  tie 
of  blood  relationship  in  an  exogomous  group.  We  find  this  training 
further  operative  in  the  establishment  of  rites  and  ceremonies  in  honor 
of  the  gentile  totem,  which  bore  a  strong  resemblance  to  those  already 
familiar  to  the  people  in  the  societies.  In  the  gens  the  hereditary  chief 
was  the  priest,  and  this  centralization  of  authority  tended  to  foster  the 
political  development  of  the  gens. 

Belated  Totems. —  Certain  fixed  habits  of  thought  among  the  Omahas 
growing  out  of  their  theories  and  beliefs  concerning  nature  and  life  — 
upon  which  the  totem  was  based  —  present  a  curious  mixture  of  abstrac- 
tions and  anthropomorphism,  blended  with  practical  observations  of  na- 
ture.   Thus,  in  the  varied  experiences  of  disintegration  and  coalescing 
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during  past  generations,  composite  gentes  came  into  existence  tlirough 
the  supposed  affinity  of  totems.  Out  of  the  ten  Omaha  gentes.  three 
only  observe  a  single  tabu ;  the  other  seven  were  composed  of  sub-groups, 
called  Ton'-won-gdhon  u-zhinga  (n-zhinga,  a  small  part),  each  of  which 
had  its  own  special  tabu,  obligatory  upon  its  own  members  only,  and  not 
upon  the  other  sub-groups  of  the  gens.  While  there  was  no  common 
totem  in  a  composite  gens,  the  totems  of  the  sub-groups  which  formed 
such  gens,  had  a  kind  of  natural  relation  to  each  other ;  the  objects  they 
symbolized  were  more  or  less  affiliated  in  the  natural  world,  as  for  exam- 
ple :  in  the  Mon'-dhin-ka-ga-Ae  gens  (the  earth  makers),  where  the  totems 
of  the  sub-groups  represented  the  earth,  the  stone,  and  the  animals  that 
lived  in  holes  in  the  ground,  as  the  wolf. 

The  relation  between  the  totems  of  composite  gentes  is  not  always 
patent;  it  frequently  exists  because  of  fancied  resemblances,  or  from  a 
subtle  association  growing  out  of  conditions  which  have  sequence  in  the 
Indian  mind,  although  disconnected,  and  at  variance  with  our  own  obser- 
vation and  reason. 

The  Totem  in  the  Tribal  Organization.  —  The  families  within  a  gens 
pitched  their  tents  in  a  particular  order  or  form,  which  was  that  of  a 
nearly  complete  circle,  an  opening  being,  left  as  an  entrance  way  into  the 
enclosed  space.  This  encampment  was  called  by  the  untranslatable 
name,  Hu'-dhu-ga.  When  the  entire  tribe  camped  together,  each  of  the 
ten  gentes,  while  still  preserving  its  own  internal  order,  opened  its  line  of 
tents  and  became  a  segment  of  the  greater  tribal  Hn'-dhu-ga,  in  which 
each  gens  had  its  flxed  unchangeable  position,  so  that  the  opening  of  the 
tribal  Hu'-dhu-ga  was  always  between  the  same  two  gentes.  Both  these 
gentes  were  related  to  Thunder.  That  upon  the  right,  as  one  entered  the 
circle,  was  the  In-shta'-thun-da— flashing  eye  — known  as  the  Thunder 
gens  or  people.  To  a  sub  group  of  this  gens  belonged  the  riuht  of  con- 
secrating the  child  to  the  Thunder  god,  in  the  ceremony  of  cutting  the 
first  lock  of  hair;  another  sub-group  kept  the  ritual  used  in  Ailing  the 
Sacred  Tribal  Pipes.  On  the  left  of  the  entrance  camped  the  We'-zhin- 
shte,  —  a  symbolic  name,  probably  meaning  the  representatives  of  anger. 
The  We'-zhin-shte  were  Elk  people,  having  in  charge  the  Sacred  Tent  of 
War,  in  which  the  worship  of  Thunder,  as  well  as  all  rites  pertaining  to 
war,  of  which  Thunder  was  the  god,  took  place. 

It  would  lead  too  far  afield  to  follow  at  great  length  the  inter-relations 
of  the  gentes;  or  the  dominance  of  position  and  leadership  in  tribal  rites 
and  ceremonies  conceded  to  certain  gentes ;  or  to  indicate  the  scars  left 
upon  the  Hu'-dhu-ga  by  the  breaking  away  of  groups  of  kindred ;  or  the 
devices  used  to  keep  intact  an  ancient  form  and  order.  The  point  to  be 
borne  in  mind  is,  that  the  position  of  the  gentes  in  the  tribe,  and  the  in- 
terlacing of  their  functions,  were  regulated  by  the  ascription  of  different 
powers  to  their  totems ;  and  that  the  unification  and  strengthening  of  the 
tribal  structure,  as  in  the  unification  and  strengthening  of  the  gens,  de- 
pended upon  the  restraining  fear  of  supernatural  punishment  by  the 
totemic  powers. 
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la  this  rapid  review  of  Omaha  beliefs  and  customs  connected  with  the 
totem,  many  observances  have  not  even  been  mentioned,  and  of  those 
indicated,  the  details  have  had  to  be  omitted  in  order  to  keep  strictly 
within  the  limits  of  oar  subject,  but  the  fundamental  ideas  which  have 
been  briefly  considered,  will  be  found  to  underlie  all  rites  and  ceremonies 
within  the  tribe. 

Linguistic  Evidence  as  to  the  Totem—  We  turn  now  to  the  language  for 
farther  evidence  as  to  the  import  of  the  totem. 

The  name  of  the  concrete  sign  of  the  vision  is,  Wa-^n'-be,  a  sacred 
thing.  The  word  is  applied  to  sacred  objects  other  than  the  totem,  such 
as  the  Sacred  Pole,  the  Sacred  Tents,  the  Sacred  Tribal  Pipes,  etc.. 

The  name  of  a  Religious  society  always  included  the  name  of  the  mani- 
festation of  the  vision  of  its  members;  for  instance,  the  Bear  society 
was  called  Wa'-tha-be  i'-dha-e-dlie,  literally  rendered  is,  — the  Bear  with 
or  by  compassion,  that  is,  those  upon  whom  the  Bear  had  compassion. 
I'-dba-e-dhe  Implies  that  this  compassion,  this  pity,  was  aroused  by  a 
human  being  malcing  a  personal  appeal,  either  by  his  destitute  appearance 
or  the  moving  character  of  his  sapplication.  Usage  forbade  the  applica- 
tion of  this  word  to  any  emotion  excited  by  animal  life;  it  could  only 
express  a  feeling  between  man  and  man,  or  between  man  and  the  mani- 
festation of  Wa-kon'-da.  It  did  not  represent  an  abstract  idea,  as  of  a 
virtue,  but  a  feeling  awakened  by  direct  contact  with  need.  In  the  prayer 
already  cited  as  n  part  of  the  rite  of  the  vision,  the  man  makes  a  direct 
appeal  to  Wa-kon'-da,  ("  Wa-konda!  here  needy  I  stand,")  and  reference 
to  this  act  is  made  in  the  employment  of  the  word  i'dha-e-dhe  in  the  term 
designating  the  Religious  societies. 

The  name  of  a  gens  indicated  its  totem,  or  the  characteristic  of  the 
group  of  totem.s  in  a  composite  gens.  When  the  people  of  a  gens  were 
spoken  of  in  reference  to  their  totem,  the  word  i'-ni-ka-shi-ki-dhe  was 
used  immediately  following  that  of  the  totem,  for  instance:  —  the  Thun- 
der people,  —  the  Iri-shta'-thun-da  gens,  — were  called,  In-gdh&n  -i'-ni-ka- 
shl-ki-dhe:  —  in-gdhaii',  thunder;  I'-ni-ka-shi-ki-dhe  is  a  composite  word, 
meaning,  they  make  themselves  a  people  with,  that  is,  with  thunder  they 
make  themselves  or  become  a  people.  The  We'-zhin-shte  gens,  the  Elk 
people,  were  called  On-pa  i'-ni-ka-shi-ki-dhe,  —  on-pa,  elk;  with  the  Elk 
they  make  themselves  a  people.  The  word  i'-iii-ka-shi-kl-dhe  clearly  in- 
dicates the  constructive  character  of  the  totem  in  the  gens. 

The  set  of  names  which  belonged  to  each  gens  reHerred  to  the  sign  or 
totem  of  a  family  group;  these  names  were  called  ni'-ki-e,— spoken  by 
a  chief,  or  originated  by  a  chief.  The  word  ni'-kl-e  points  to  the  forma- 
tive period  when  means  were  being  devised  to  transform  the  family  into 
a  distinct  political  group ;  it  argues  a  central  authority,  a  man,  a  chief; 
the  individual  names  which  he  bestowed  allude  solely  to  the  power  be- 
hind the  chief,  the  manifestation  of  his  vision  represented  by  his  totem, 
in  the  favor  of  which  he  and  his  kindred  had  made  themselves  a  people, 
i'-ni-ka-shi-ki-dhe. 

The  Osage  equivalent  of  the  Omaha  word  I'-ni-ka-shl-ki-dhe,  is  zho'-i- 
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ga-ra,  meaning  associated  with.  The  Otoe  word  ased  for  the  same  pur- 
pose is,  kl'-gra-jhe,  they  call  themselves. 

The  word  for  tribe,  u-ki'-te»  when  used  as  a  verb,  means  to  light,  to  war 
against  outside  enemies,  indicating  that  the  need  of  mutual  help  impelled 
the  various  Ton'-won-gdhon  (gentes)  to  band  together  for  self  preser- 
vation ;  but  the  order  of  their  grouping  was,  as  we  have  seen,  controlled 
by  their  totems. 

Summary,  —  In  the  word  for  tribe,  in  the  formation  of  the  gens  with- 
in the  tribe,  and  in  the  rite  which  brought  the  individual  into  what  be 
believed  to  be  direct  communication  with  Wa-kon'-da,  we  trace  tlie 
workings  of  nian*s  consciousness  of  insecurity  and  dependence,  and  see 
his  struggles  to  comprehend  his  environment,  and  to  bring  himself  into 
helpful  relations  with  the  supernatural.  And  we  And  in  this  study  of 
the  Omaha  totem,  that  while  the  elements,  the  animals  and  the  fruits  of 
the  earth,  were  all  related  to  man  through  a  common  life,  this  relntion 
ran  along  discrete  lines,  and  ihat,  his  appeal  for  help  once  granted,  relief 
could  only  be  summoned  by  means  of  the  Wa-^u'-be,  the  sacred  object, 
the  totem,  which  brought  along  Its  special  line  the  desired  supernatural 
aid. 

It  Is  noteworthy  that  the  totems  of  Individuals,  as  far  as  known,  and 
those  of  the  gentes,  represented  the  same  class  of  objects  or  phenomena, 
and,  as  totems  could  be  obtained  in  but  one  way  —  through  the  rite  of 
the  vision  —  the  totem  of  a  gens  must  have  come  into  existence  in  that 
manner,  and  must  have  represented  the  manifestation  of  an  ancestor's 
vision,  tliat  of  a  man  whose  ability  and  opportunity  served  to  make  him 
the  founder  of  a  family,  of  a  group  of  kindred  who  dwelt  together, 
fought  together,  and  learned  the  value  of  united  strength- 


TiiK  STUDY  OF  CKKKMONY.    By  Dr.  VVasrington  Matthkws,  Washing- 
ton, I).  C. 

Thrrk  seems  to  be  an  opinion  prevalent  that  no  science  of  ceremony 
can  be  created  and  no  laws  of  ceremony  formulated.  The  author  thinks 
otherwise.  He  believes  the  Importance  of  the  study  of  ceremony  Is  not 
generally  appreciated,  yet  It  offers  material  for  comparative  study  not  ex- 
celled by  any  other  department  of  ethnology.  Religion  has  been  well 
studied  but  more  through  doctrine  and  literature  than  through  ceremony. 
The  author  gives  several  reasons  why  the  accurate  study  of  ceremony 
has  been  neglected  and  mentions  some  of  the  more  important  difficulties 
that  embarrass  the  student  both  of  religious  rites  and  of  the  rites  of  se- 
cret societies.  Instances  are  given  of  the  great  prevalence  of  esoteric 
societies  and  rites  among  Indian  tribes  and  the  silence  of  the  Indians  re- 
garding them.  Reasons  are  given  for  the  decay  of  ceremony  among  our 
native  races  and  instances  of  this  decay.  But  while  much  has  been  Irre- 
trievably lost,  there  is  still  enough  ceremony  left  to  reward  the  investiga- 
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tor.  The  elaborate  ceremonies  of  the  Arickarees,  in  1865,  are  especially 
referred  to.  Attention  is  called  to  the  existence  among  European  and 
Asiatic  races  of  ceremonies  which  have  not  been  studied  or  only  imper- 
fectly studied.  The  author  closes  by  discussing  different  names  for  the 
science  of  ceremony. 
[This  paper  will  be  printed  in  Journal  of  American  Folk  Lore.] 


Kokkshanity:  a  latter-day  cult.    By  Anita  Nkwcomb  McGkk*  M.D., 
Washington,  D.  C. 

An  exposition  of  the  psychological  phenomenon  of  a  comparatively 
intelligent  body  of  hundreds  of  Americans  whose  beliefs  are  as  extrav- 
agant as  any  folk  lore  or  superstition  known. 

Their  cosmology  and  theology  are  described  and  other  features  of  the 
cult  are  touched  on.  A  sketch  of  the  founder,  Dr.  Cyrus  Teed  or  •*  Koresh'* 
(who  claims  to  be  divine)  and  of  the  establishment  of  the  belief  is  civen. 

Finally,  it  is  pointed  out  that  by  reason  of  the  nature  of  the  definite 
prophecy  tnught,  the  belief  —  in  spite  of  its  present  success  —  cannot  en- 
dure beyond  this  generation. 


Origin  of  the  week  and  holy  d%y  among  primitive  peoples.      By 
Rev.  R.  J.  Floody,  South  Ashburnham,  Mass. 

The  substance  of  this  paper  to  beprintedin  book  form  entitled  "Scien- 
tific Basis  of  Sabbath  and  Sunday." 


The  superstitions,  beliefs  and  practices  of  the  ancient  Mexicans. 
By  Zklia  Nuttall,  Peabody  Museum,  Cambridge,  Mass. 

[This  paper  will  be  published  in  the  Journal  of  American  Folk  Lore.] 


C0.MPARIS0N  OF  Cherokee  and  European  symbolism.     By  Dr.  Stephen 
D.  Peet,  Chicago,  III. 


The  Jksup  North  Pacific  Expedition  and  the  Asiatic-American 
problem.  By  Prof.  F.  W.  Putnam,  Curator  of  Anthropology, 
American  Museum  of  Nat.  Hist..  New  York,  N.  Y. 
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An  arch^ologic  map  of  Ohio.    By  Warrkn   K.   Moorehbad,  Ohio 
State  University,  Columbus,  Ohio. 

For  three  years  the  Ohio  State  ArchflBological  and  Historical  Society 
has  been  at  work  on  a  map  of  the  state  of  Ohio,  illustratiTe  of  all  the 
prehistoric  monuments  in  the  state.  At  present  this  map  contains  3,304 
marks  standing  for  7,100  mounds,  village  sites,  glacial  kame  burials,  for- 
tifications, enclosures,  circles,  etc.  These  are  recorded  according  to 
townships  and  mile  sections.  The  work  has  necessitated  a  great  deal  of 
travel  over  the  state.  At  present,  the  record  is  only  partially  complete 
and  it  is  estimated  that  several  years  will  elapse  before  anything  like  a 
complete  location  of  all  the  prehistoric  monuments  of  Ohio  can  be  made 
There  are  many  of  the  smaller  monuments  which  liave  completely  disap- 
peared and  left  no  trace. 

The  map  is  important  in  that  it  shows  the  predominance  of  stone  work 
over  those  of  earth  In  the  Muskingtim  Valley  and  Brusli  Creek  Valley. 
It  also  emphasizes  the  fact  that  great  numbers  of  burials  were  made  in 
gravel  knolls,  almost  as  many  as  in  the  tumuli. 

In  point  of  numbers,  Ross  County  ranks  first,  Pickaway  second,  lack- 
ing third,  etc.  Many  of  the  counties  in  the  hilly  regions  of  eastern  Ohio 
contain  but  three  or  four  monuments  each. 

Mapping  of  prehistoric  remains  in  Europe  is  common,  but  I  am  not 
aware  that  any  attempt  along  this  line  has  been  made  here  in  America  save 
by  the  Bureau  of  Ethnology  —  and  its  work  so  far  as  Ohio  is  concerned  is 
not  accurate,  mounds  being  mapped  to  a  scale  giving  them  a  diameter  of 
three  miles. 

The  map  is  quite  large  —  the  monuments  being  a  trifle  larirer  than  a  pin 
head  and  covering  300  to  360  yards  of  territory. 


The  significance  of  John  Eliot's  Natick.  By  Wm.  Wali.ack  Tookbr, 
Sag  Harbor,  N.  Y. 

[This  paper  is  printed  In  the  American  Anthropologist  for  September, 

1897.] 


Thr  ethnological  arrangement  of  arch .«o logical   material.     By 
Harlan  I.  Smith,  American  Museum  of  Natural  Historv,  New  York, 

N.  Y. 

Ahch.sological  m  iterial  has  been  arranged  by  the  author  in  such  a 
manner  as  to  show  the  life  and  customs,  or  ethnology,  of  a  people  con- 
cerning whom  no  evidences  can  be  obtained  except  from  archeological 
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remains.  This  method  of  arranging  archaeological  material  brings  out 
much  in  relation  to  tlie  pliysical  characteristics  and  life  of  the  people ; 
their  food,  manufactures,  methods  of  manufacture,  materials  used,  their 
ornamental  art,  adornments,  amusements,  ceremonies,  animal  associates, 
diseases  and  injuries,  and  methods  of  burial. 


Popular  anthropology  in  museums.    By  Harlan  I.  Smith,  American 
Museum  of  Natural  History,  New  York,  N.  Y. 

Thk  author  gave  descriptions  of  several  popular  anthropoloirlcal  ex- 
hibits in  the  American  Museum  of  Natural  History,  which  are  designed 
especially  to  interest  and  instruct  the  general  public.  Popular  exhibits 
should  be  made  without  detracting  from  the  scientific  value  of  the  speci- 
mens used,  or  hampering  the  usefulness  of  the  scientific  collection.  This 
may  often  be  done  by  use  of  duplicate  specimens  and  by  certain  methods 
of  graphic  arrangement,  including  models,  photographs,  maps,  etc.  'I'he 
synoptic  arrangement  also  may  be  employed. 


Thk  origin  of  art  as  manikbstbd  in  thk  work  of  pkbhistokic  man. 
By  Thomas  Wilson,  National  Museum,  Washington,  I).  C. 


The    artificialization    of    animals    and    plants.     By    Prof.    O.   T. 
Mason,  National  Museum.  Washington,  1).  C. 


Thk  gbnehis  of  implemknt-making.     By  Frank  Hamilton   Cushing, 
Bureau  of  American  Ethnologj',  Washington,  D.  C. 

To  understand  man's  beginnings  In  Implement-using  and  -making,  some 
consideration  of  the  probable  condition  and  environment  of  his  ancestral 
species  is  necessary. 

Comparison  of  the  human  hand  with  the  paws  of  climbing  animals,  no 
less  than  comparative  anatomical  studies,  indicates  that  it  was  developed 
by  climbing  — that  the  immediate  ancestors  of  man  were  arboreal  or 
resorted  to  trees  for  protection  or  habitation  and  food  supply. 

As  was  suggested  by  the  author  in  a  course  of  lectures  on  Primitive 
Handicraft  and  Art  delivered  before  the  Drexel  Institute  of  Philadelphia 
in  the  spring  of  1895.  it  is  supposed  :— 
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First.  That  this  primordial  man  must  in  the  beginning  have  been  con- 
fined to  tropic  or  sub-tropic  regions,  those  of  the  Malaccan  straits  being 
especially  suited  to  sustenance  in  his  condition. 

Second.  That  he  came,  In  parts  contiguous  to  the  sea,  not  only  to  re- 
sort more  and  more  to  the  shores  thereof,  but  also  became,  from  one 
cause  or  another,  restricted  to  shorelands  (sufficienily  to  be  compelled  to 
use  his  feet  for  walking,  his  hands  for  doing.  Instead  of  for  climbing  and 
clutching  merely) ;  since  only  in  Much  an  environment  was  food  supply 
constant  enough  for  his  maintenance  in  the  as  yet  artless  condition  of 
his  transition  from  a  climbing  to  an  upright  walking  species. 

Third.  That  in  such  environment  it  was  but  natural  for  him  to  sup- 
plement the  use  of  his  own  teeth  and  nails  by  using  those  of  other  animals, 
as  the  teeth  of  sharks  and  the  sharp  shells  of  moUusks.  Such  supposi- 
tion is  borne  out  by  the  fact  that  later  men  of  like  environments  have 
returned  as  it  were  to  like  uses  of  organic  materials  (exclusively)  for 
tools.  This  is  illustrated  by  certain  Polynesian  examples,  by  results  of 
recent  explorations  in  the  Gulf  section  of  Florida,  and  even  by  the  con- 
tents of  shell  mounds  and  vestigial  industries  in  eastern  Maine. 

Fourth.  That  while  it  is  probable  the  earliest  implement  materials,  in- 
cluding sticks  for  prodding  and  digging,  were  thus  organic,  representing 
a,prelithic  stage  of  development,  yet  the  use  of  stones  for  breaking  and 
crushing  is  admitted  to  have  been  equally  natural  but  not  equally  uni- 
versal, since  stones  were  not  so  universally  distributed  along  the  shores 
as  were  shells,  etc.  Therefore,  as  concerns  some  portions  of  the  shore- 
land  world,  we  may  believe  a  long  period  of  prelithic  development  pre- 
ceded an  equally  long  period  of  protolithic  development  in  the  use  of 
natural  stones  elsewhere,  and  that  this  ushered  In  the  true  palaeolithic 
period,  that  of  the  uhc  of  wrought  stones,  the  period  of  real  Implement- 
making.  The  protolltlilc  phase,  the  transition  from  mere  stone-using  to 
stone-working,  is  illustrated  by  the  condition  of  the  S6ri  Indians  accord- 
ing to  investigations  of  I'rofessor  W  J  McGee,  who  thus  characterized 
them. 

Fifth.    That  this  Is  evidenced  by  analysis  of  the  actions  of  children 
and  the  qnadrumana  as  well  as  archa^o-technlc  studies  and  experimental 
research  from  which  It  would  appear,  ilrst,  that  men  began  In  the  use  of 
stones,  by  pounding  the  things  to  be  broken  against,  not  with  them ;  and, 
second,  thtit  when  the  art  of  pounding  and  breaking  irttA  stones  was  being 
acquired  in  imitation  of  this  tendency,  these  were  at  flrst  thrown  away  as 
soon  as  used,  but  later  came  to  be  used  over  and  over  on  account  of  suita- 
bility, and  thus  found  to  be  made  by  use,  better  and  better  for  use;  and, 
third,  that  therefore  the  flrst  true  \mp\ement-making  began  when  this 
process  of  use,  by  which  a  stone  had  become  accideutally  fashioned,  was 
imitated  in  the  purposeful  fashioning  of  other  stones  by  cracking  them 
ayninst,  not  with,  still  other  stones.     This  is  illustrated  by  the  processes 
of  the  early  Tasmanlans,  and  is  the  stage  of  human  art  which  should  be  re- 
garded, developmentally  speaking,  as  man's  true  palaeolithic  stage,  what- 
ever the  age  in  which  it  was  developed. 
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Sixth.  That  when  thus  —  still  by  adaptlvely  imitative  processes  —  men 
came  to  the  using  of  these  implements  (made  -without  implements)  for 
the  fashioning  of  yet  other  implements  otherwise,  as  by  percussive  break- 
ing and  battering,  they  had  already  become,  or  speedily  became,  sufficiently 
expert  in  all  the  processes  characteristic  of  *'  neolithic"  art  to  be  classi- 
fied as  neolithic  artisans. 

Seventh.  That  thus  primitive  man  seems  ever  to  have  made  each  step 
in  the  progress  of  his  earliest  arts,  by  imitation  of  the  processes  of  the 
next  la.st  step.  This  may  be  illustrated  by  examples  of,  first,  the  natural 
stick  shaped  by  wear  and  further  smoothed  hy  use;  second,  the  tool  stick, 
that  is  the  stick  worked  and  smoothed  for  use  in  imitation  of  processes 
of  mere  use  or  of  shaping  and  smoothing  by  use;  third,  the  stick  fash- 
ioned with  other  tools,  the  true  tool  stick,  but  still  polished  in  imitation 
of  mere  u<e  polishing  to  "  age"  it,  that  is,  render  it  equally  as  convenient 
and  eflfectivc  as  the  stick  polished  by  long  continued  wear. 

Eighth.  From  these  several  considerations  it  is  reasonable  to  infer, 
first,  that  in  the  shoreland  regions  of  the  Indian  Ocean,  where  men  pre- 
sumably originated,  and  whence  in  quest  of  subsistence  they  were  slowly 
distributed  coastwise  over  the  globe  during  the  compnratively  early  pe- 
riods of  their  art  development  here  outlined,  it  is  probable  that  they 
passed  through  a  prellthic  phase,  used  shells  and  wood,  teeth,  horns  and 
bones  of  animals  —  as  in  like  regions  savage  folk  have  since  used  them  — 
as  implements  long  before  they  used  stones  as  fashioned  tools  at  all;  and, 
second,  that  when  men  of  such  regions  penetrated  regions  where  teeth 
and  shells  of  fit  kinds  were  not  as  available  as  stones,  they  had  already 
become,  through  development  during  a  protollthic  or  stone-using  phase, 
and  a  palseolithic  or  stone-working  ph>ise,  primordial  "masters  of  arts" 
so  to  say  —  had  thus  acquired  the  art  of  tool-making  with  tools  (breaking, 
battering,  cutting  and  grinding  or  polishing),  had  passed  the  palaeolithic 
stage  as  usually  characterized,  and  moreover  had  probably  begun  the 
practice  of  making  true  tools  of  stone  by  fashioning  these  in  imitation  of 
their  earlier  tools  of  teeth,  shells,  etc.  This  is  indicated  by  the  occurrence 
of  so  many  asymmetrical  or  tooth-  and  splint-like  blades  in  regions  con- 
tiguous to  shorelands  where  like  uses  of  organic  materials  have  early  pre- 
vailed, as  in  upper  Florida. 

Ninth.  Finally,  we  may  consider  the  alleged  palsBollthic  age  as  repre- 
senting a  phase  of  man*s  development  only  in  countries  especially  favor- 
able to  the  ait  of  stone  chipping;  namely,  the  countries  of  true  flint,  and 
probably  the  countries  where  extreme  cold  and  the  absence  of  good  grit 
rock,  etc.,  made  polishing  and  other  neolithic  art  processes  less  easy  than 
chipping. 

Illustrated  by  blackboard  sketches ;  experiments  exhibiting  the  effects 
of  impactive  chipping  as  distinguished  by  nbsence  of  true  points  or  bulbs 
of  percussion  nrom  percussive  chippin«;,  and  with  specimens  of  ancient 
Florida,  Maine  and  Lower  Potomac  remains. 

[This  paper  will  be  printed  In  the  American  Anthropologist  or  as  a 
brochure.] 
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Tub  building  ok  a  Zapotkc  city.     By  Prof.  W.  H.   Holmes,  U.  S. 
National  Museum,  Washington,  D.  C. 

This  paper  described  the  construction  of  a  building  in  the  ancient  city 
of  Mitla  whose  ruins  are  among  the  most  Interesting  in  Mexico.  The 
erection  of  the  present  great  buildings  of  stone  was  of  comparatively 
recent  date  and  the  work  of  constructing  even  a  single  building  must  have 
been  very  great  Indeed  considering  the  primitive  characters  of  Zapotec 
culture.  The  design  was  probably  worked  out  in  great  detail  before  con- 
struction began.  The  material  forming  the  platform  and  the  body  of  the 
thick  walls  consisted  of  stones  gathered  from  the  slopes  and  bluffk  laid 
in  adobe  mortar.  The  wall  facings  and  numerous  panels  of  geometric 
mosaic  ornament  were  cut  and  laid  with  the  greatest  accuracy,  each  stone 
being  especially  cut  and  fitted  to  Its  place.  Even  the  geometric  designs, 
the  building  of  which  in  a  single  structure  required  seventy-five  or  eighty 
thousand  pieces  of  accurately  cut  stone,  did  not  require  uniform  shape  as 
do  our  tiling  and  brick  work,  but  each  stone  had  its  Individual  shape  and 
Individual  fitting.  When  the  walls  had  reached  the  height  of  sixteen  feet 
wooden  beams  were  laid  across  and  covered  with  masonry  and  cement 
forming  the  roof.  In  the  construction  of  a  single  building,  such  as  that 
of  the  hall  of  the  columns,  eleven  great  stones  weighing  from  three  to 
eight  tons  were  required  for  lintels  and  columns.  These  were  cut  out 
of  the  solid  rock  mass  on  the  mountain  sides  with  rude  stone  picks  and 
transported  several  miles.  The  entire  work  of  dressing  and  carving  was 
no  doubt  accomplished  with  the  aid  of  stone  tools  alone.  The  great 
lintels  were  sculptured  or  covered  with  designs  in  color  and  the  entire 
surface  of  the  buildings  was  finished  in  color. 


RkCKNT   KRSBARCilKS,    BY   GkOKOK    BY«0N    GORDON,    ON    THE    BANKS    OF 
THK    Ul.OA    RIVKR    IN    HONDURAS,    FOR    THE    PkaBODY    MuSKUM.      By 

Prof.   F.  W.   Putnam.  Curator  Peabody  Museum,  Harvard  Univ., 
(Cambridge,  Mass. 
[See  Memoirs  Peabody  Museum,  No.  4,] 


The  okographicai.  distribution  of  a  certain  kind  of  pottrry  dt 
Mkxico  and  Ckntral  America.  By  M.  H.  Saville,  American 
Museum  of  Natural  History,  New  York,  N.  Y. 


Thk.  skrpknt  symbol    in    Nicaragua.      By  Dr.    Stephen   D.   Pekt, 
Chicago,  III. 

[This  paper  will  be  printed  in  the  American  Antiquarian.] 
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Drcoration  of  trr  terth  in  ancirnt  Amkrica.    By  M.    H.   Savillb, 
Americao  Maseum  of  Natural  History,  New  York,  N.  Y.    ' 


PRBHISTORIC     IMPLKMRNTS     FROM     ChaRLBVUIX,     MICHIGAN.       By    H.     P. 

Parmelek,  Charlevoix,  Mich. 


An  expkrimental  analybis  of  the  relation  of  rate  of  movement 
to  certain  other  mental  and  physical  pkocrssbs.  by  dr. 
LiGHTNBR  WiTMEU,  University  of  Pennsylvania,  Philadelphia,  Pa. 

These  experiments  concern  themselves  with  the  following  groups  of 
persons :  adult  men  and  women,  women  college  students,  Normal  School 
students  (women),  Kindergarten  pupils  (boys  and  girls)  and  high  grade 
idiots  and  imbeciles  (male  and  female).  The  results  are  analyzed  to  show 
differences  in  intelligence,  age,  height,  weight,  lung  capacity,  rate  of 
movement,  reaction  time  to  sound,  sensitivity  to  pressure  and  to  pain. 
Sex  differences  more  or  less  pronounced  manifest  themselves :  males  in 
all  groups  have  greater  lung  capacity,  a  shorter  rate  of  movement  and 
reaction-time  and  a  higher  threshold  for  pressure  and  pain  than  femtiles 
of  same  age,  intelligence  and  weight.  In  the  different  groups,  the  more 
intelligent  (determined  by  the  method  of  indices)  have  a  more  rapid  re- 
action and  a  better  lung  capacity.  College  students  show  the  best  mem- 
bers of  the  class  intellectually  to  have  a  slower  rate  of  movement  and  a 
higher  pain  threshfild  than  the  poorest  members.  Among  the  feeble 
minded,  the  best  intellectually  are  the  quickest  in  reaction,  in  movement 
and  the  most  sensitive  to  pain.  Thus  the  interrelation  of  a>sociated 
characteristics  for  each  group  of  persons  is  an  individual  one,  and  gen- 
eralization from  one  group  to  another  is  not  always  justified. 


A    STATISTICAL  STUDY   OF   EMINENT   MEN.       By  Prof.    J.  McKbEN*  CaTFELL^ 

Columbia  University,  New  York,  N.  Y. 

This  paper  was  introduced  by  the  statement  that  the  science  of  anthro- 
pology should  concern  itself  not  only  with  the  beginnings  of  human  de- 
velopment but  should  also  apply  the  methods  of  genetic  and  exact  science 
to  its  highest  results.  The  method  was  explained  by  which  a  list  of  the  one 
thousand  most  eminent  men  had  been  secured,  and  the  list,  in  which  the 
names  were  arranged  in  the  order  of  eminence,  was  presented.  Charts 
were  then  shown  exhibiting  the  secular  and  racial  distribution  of  the 
most  eminent  men,  and  attention  was  called  to  certain  points  brought  out 
by  the  curves. 
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Anthropological  investigations  conducted  in  connection  with  thk 
Pathological  Institute  of  the  New  York  State  Hospital.  By 
Dr.  A.  Hrdlicka,  New  York,  N.  Y. 

These  investigations  comprise  comparative  studies  of  all  points  of 
importance,  anatomically  and  physiologically,  and  also  of  certain  psy- 
chological questions,  on  most  of  the  important  social  classes  of  the  popn- 
lation  of  New  York  State;  namely, on  the  normnl,  the  insane,  the  criminal 
and  criminal-insane,  on  imbeciles,  idiots  and  epileptics;  and,  if  possible, 
also  on  prostitutes  and  similar  subjects. 

The  whole  field  of  investigations  has  been  outlined  by  the  author,  and 
certain  groups  established  (see  Bulletin  of  the  State  l^ospitals,  New  York, 
Jan.  1897).  The  whole  then  has  been  divided  into  groups,  each  one  of 
which  comprises  a  number  of  items  which  form  the  basis  of  the  inquiries 
and  of  the  examinations.  Each  group  is  so  arranged  as  to  comprise  a 
certain  number  of  anatomical,  physiological,  sociological,  and  also  path- 
ological, points,  and  to  consist  of  proper  grades  of  anamnestic  work  and 
of  mechanical  examinations. 

The  work  is  not  carried  on  by  the  author  alone  but  under  his  direction, 
by  a  large  body  of  physicians  who  are  interested  in  the  investigations 
and  have  the  various  a))normal  classes  under  observation. 

At  the  present  time  the  first  group  of  the  outlined  studies  nears  its 
completion.  This  group  consists  of  about  one  hundred  various  points 
of  inquiries  and  examinations,  arranged  as  stated  above.  The  records 
will  cover  about  eight  thousand  individuals.  About  thirty  pjiysiclans 
have  cooperated  with  the  author  on  this  group.  The  second  group  will 
probably  be  started  during  the  second  half  of  1898. 

Besides  investigations  on  the  living,  a  collection  of  anthropological  ma- 
terial is  inaugurated  at  the  Institute.  A  npecial  feature  of  this  work  will 
be  the  establishment  of  * 'anthropological  cemeteries"  in  connection  with 
the  various  state  institutions,  under  the  direction  of  the  author. 


A  TREPHINED   SKULL,    TaRaHUMAKE,    FROM    THE    NOKTHWE8TKRN    REGION 

OP  Mexico.     By  Dr.  Carl  Lumiioltz  and  Dr.  A.  llnDLicKA,  Amer- 
ican Museum  of  Natural  History,  New  York  City. 

The  skull  in  question  was  found  by  Dr.  C.  Lumholtz  in  an  old  closed 
cave,  in  the  land  of  the  Tarahumare,  Chihuahua,  Mexico.  It  is  now  in 
the  American  Museum  of  Natural  History. 

The  skull  was  totally  devoid  of  flesh,  but  the  bones  still  retain  some 
animal  matter.  The  precise  age  of  the  specimen  can  not  be  computed. 
It  is  certain  that  the  skull  is  not  modern. 

The  skull  is  that  of  an  aged  woman  and  is  in  every  respect  normal ;  its 
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measurements  correspond  very  closely  to  those  of  typical  Tarahumare, 
and  there  can  be  no  doubt  that  the  woman  belonged  to  this  people. 

The  trephining  is  situated  in  the  anterior  and  upper  part  of  the  right 
parietal,  and  consists  of  an  almost  circular  opening  2  x  2  cm.  in  diameter. 
The  edges  of  the  opening  are  vertical,  suggesting  some  form  of  boring 
as  the  method  employed  In  making  the  opening.  The  operation  was  per- 
formed ante  mortem  and  there  are  positive  signs  that  the  subject  survived 
the  operation  several  years,  at  least.  There  are  no  Indications  as  to  why 
the  operation  was  performed. 

No  Information  as  to  the  operation  could  be  obtained  from  the  Indians 
of  tlie  district  In  which  the  sicull  was  found. 

[Since  this  paper  was  written,  another  trephined  skull  of  a  Tarahu- 
mare woman  has  been  found  by  Dr.  Hrdlicka  in  the  part  of  the  same  col- 
lection which  is  now  In  the  Museum  of  Science  and  Art  in  Philadelphia.] 


A   DESCRIPTION  OF   AN   ANCIENT   SKELETON   FOUND  IN   ADOBE-DEPOSITS    IN 

THE  VALLEY  OF  MEXICO.    By  Dr.  Hrdlicka,  New  York,  N.  Y. 

The  skeleton  was  found  by  Indian  workmen  about  three  metres  deep  in 
adobe-deposits,  at  St.  Simon,  a  suburb  of  Mexico.  It  was  secured  by 
Doctor  Lumholtz  for  ihe  American  Museum  of  Natural  History.  In  about 
the  same  depth  with  the  skeleton  there  were  discovered  other  osseous 
remains,  mainly  skulls,  and  some  very  simple  specimens  of  an  archaeolog- 
ical nature.  The  skulls  and  other  bones  found  show  very  close  mor- 
phological relation  with  similar  parts  of  the  skeleton  in  question.  As  to 
the  archaeological  specimens  of  this  and  similar  adobe-deposits,  they  are 
found  in  strata,  and,  according  to  Prof.  Wm.  Holmes,  thfse  specimens 
increase  regularly  in  simplicity  and  rudeness  as  we  proceed  from  above 
downwards.  The  uppermost  layers  yield  fragments  of  pottery  of  Aztec 
character;  further  down  the  specimens  lose  this  character  and  assume 
gradually  that  of  very  primitive  peoples.  The  skeleton  was  found  in 
these  lower  layers. 

On  examination  the  skeleton  Is  found  to  possess  the  following  points 
of  Interest:  It  belongs  to  a  male  adult,  approaching  l.GO  m  in  stature, 
or  about  the  general  medium.  The  skull  is  deformed  in  the  way  of  a 
compression  of  the  Inlon-obellon  region.  It  is  small  in  size  and  capacity. 
Of  the  constituents  of  the  thorax,  we  find  a  pair  of  supernumerary  ribs, 
a  blending  (congenital)  of  the  first  and  second  ribs  on  the  lefr,  and 
consequent  deformities  of  the  sternum  and  of  the  dorsal  portion  of  the 
spinal  column.  In  the  upper  limb  the  antebrachiiil  radio-humeral  index 
is  very  high,  approachins:  closely  to  that  of  anthropoids.  The  pelvis  is 
small,  the  sacrum  composed  of  six  segments.  The  tibiofemoral  index 
approaches  again  closely  that  of  anthropoids.  The  heads  of  the  tibise 
are  inclined  considerably  backward. 
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The  racial  character  of  the  skeleton  is  doubtfal.  It  is  not  Aztec,  bo 
far  ns  cun  be  asserted  from  our  anatomlco-anthropoiogical  knowledge  of 
this  people.  It  is  almost  without  a  doubt  a  pre-Aztec  skeleton,  belon«;- 
ing  to  a  meso-  or  dolichocephalic  race,  whose  true  nature  and  ethnic 
position  it  is  at  present  impossible  to  determine. 


The  Mangyan  ok  thk  Philifpinrs.    By  Prof.   Dkan  C.    Wohcbstkr, 
Ann  Arbor,  Mich. 


The  Tagbanuas  of  the  Philippines.    By  Prof.  Dean  C.  Worcestkr, 
Ann  Arbor,  Mich. 


On  Wednesday  afternoon,  August  11,  a  Joint  .session  was  held  with  Sec- 
tion E  for  the  presentation  of  reports  by  archaeologists  and  geologists  on 
the  recent  investigations  in  the  Delaware  valley.  The  following  papers 
were  presented  and  discussed : 

Early  man  of  the  Delaware  valley.    By  Prof.  F.  W.  Putnam,  Har- 
vard University,  Cambridge,  Mass. 

Mr.  Pkksident,  and  Members  of  the  Sections :  It  falls  to  me  to  make 
a  general  statement  of  the  work  that  has  been  done  in  the  Delaware 
valley.  It  was  in  the  year  1875  that  Dr.  Charles  C.  Abbott  sent  to  the 
Peabody  Museum  several  stone  implements  found  by  him  in  the  gravel  at 
Trenton.  In  the  following  year  he  sent  to  the  Museum  a  report  on  the 
discovery  of  supposed  palaeolithic  implements  in  the  glacial  drift  of  the 
Delaware  valley.  This  is  printed  in  the  Tenth  Ifeport  of  the  Museum. 
This  paper  aroused  an  interest  in  the  subject,  and  it  was  generally 
accepted  that  these  implements  were  of  the  same  character  as  those  found 
in  the  gravels  of  the  old  world  and  that  they  were  probably  of  the  same 
age. 

Later,  it  was  snid  that  these  implements,  found  in  the  gravels  of  Tren- 
ton, were  not  implements  in  the  true  sense  of  the  word,  but  were  rejects 
in  the  manufacture  of  implements  of  a  higher  character.  Then  the  geol- 
ogists began  to  take  exception  to  some  of  the  statements  that  had  been 
made  in  relation  to  the  age  of  the  gravel.  It  was  also  claimed  by  some 
persons  that  the  chipped  stones  had  all  been  found  on  or  very  near  the 
surface ;  or,  if  any  h:id  been  found  several  feet  below  the  surface  and  in 
the  gravel,  they  got  there  by  some  accidental  means.  'I'hen  the  discussion 
grew  a  little  warm,  then  a  little  warmer,  and  finally  it  became  quite  hot 
and  personalities  unfortunately  entered  into  it. 
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I  had  examined  the  Trenton  gravel  on  several  occasions,  and  had  hunted 
in  vain  for  specimens.  In  1876  I  made  another  search  and  succeeded  in 
finding,  behind  a  little  boulder  in  the  gravel  — in  what  I  believed  to  be 
undistarbed  gravel  —  one  of  these  chipped  stones. 

In  1883  Doctor  Abbott  came  to  the  conclusion  that  while  on  the  surface, 
that  is  in  the  first  foot  or  eighteen  inches  of  the  surface  deposit,  there 
were  many  implements  made  of  chert,  quartz  and  Jasper,  also  bone  im- 
plements and  various  other  objects  belonging  to  the  recent  Indian  occu- 
pation ;  yet  in  the  lower  soil,  beneath  this  black  soil  and  undisturbed  by 
the  plough,  there  were  many  implements  made  of  argillite  and  very  few 
implements  made  of  any  other  stone.  It  was  only  occnsionally  that 
chipped  stones  or  chips  of  quartzlte  and  of  chert  were  found. 

Daring  these  explorations  many  specimens  have  been  collected.  In  the 
Peabody  Museum  at  Cambridge  you  may  see  thousands  of  these  specimens 
obtained  under  different  conditions;— including  those  from  the  surface 
and  from  the  glacial  deposits. 

From  the  time  Doctor  Abbott  first  mentioned  the  existence  of  what  he 
called  an  argillite  period,  antedating  the  time  of  the  Indian  occupation, 
the  evidence,  it  seems  to  me,  has  been  steadily  accumulating.  Doctor 
Abbott  associated  this  pre-Indian  occupation  with  the  Eskimo.  We  will 
not  discuss  this  point  —  it  is  not  essential  to  the  question. 

For  over  twenty  years,  in  connection  with  Doctor  Abbott  and  Mr. 
Volk,  I  have  been  directing  explorations  In  the  deposits  In  various  locali- 
ties about  Trenton.  Several  thousand  dollars,  contributed  by  friends  of 
research,  have  been  expended  in  this  work  We  have  been  digging,  dig- 
ging, digging.  Sometimes  we  dig  a  long  time  without  finding  anything; 
at  other  times  we  do  find  something.  This  research  was  first  carried  on 
by  the  Peabody  Museum,  then  a  small  amount  of  work  was  done  for  the 
World's  Columbian  Exposition;  then,  aft«*r  the  Exposition,  the  work  was 
continued  under  my  direction  for  the  Peabody  Museum ;  and  now  for  the 
past  two  years  for  the  American  Museum  of  Natural  History  in  New 
York  City.  For  this  recent  work  one  thousand  dollars  was  contributed 
by  the  Duke  of  Loubat. 

During  the  past  two  years  extensive  excavations  have  been  made  in 
a  field  belonging  to  the  Misses  Lalor.  These  estimable  ladles  have  very 
kindly  granted  to  mc  the  exclusive  right  of  exploration  on  the  farm  as 
long  as  I  wish.  We  owe  them  a  great  deal  for  this  privilege.  The  out- 
line of  this  field  is  shown  in  the  dlngrams  on  which  is  given  the  location 
of  the  recent  :renches  which  will  come  up  for  consideration  this  after- 
noon. This  Lalor  farm  is  situated  on  the  southern  limits  of  Trenton, 
upon  a  bluff,  and  the  field  inclines  a  little  backward  from  the  bluff.  In  that 
field  we  have  been  digging  trenches,  considerably  over  hnlf  a  mile  in 
length  and  fifty  feet  in  width.  I  have  here  a  few  photographs  which  I 
will  pass  around  as  they  will  give  an  idea  of  the  place  and  help  you  to 
understand  what  the  following  speakers  will  have  to  say.  Here  is  one 
photograph  showing  the  field;  the  red  arrow  on  the  sky-line  of  the  field 
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points  to  the  bluff.  Here  are  photoi^raphs  showing  the  position  of  two  of 
the  trenches,  and  these  show  the  two  boulders  lying  in  the  blacic  soil  and 
resting  on  the  sand  which  immediately  nnderlies  the  black  soil.  Here 
are  several  pictures  showing  sections  of  the  trenches  and  the  implements 
as  they  were  found  in  place.  These  specimens  on  the  table  are  those 
shown  in  the  photographs.  This,  No.  47,  is  the  chipped  stone  that  was 
found  two  feet  down  in  the  sand.  Here  is  an  argillite  flake,  No.  52,  and 
the  photograph  shows  that  it  was  about  eighteen  inches  down  in  the  sand. 
No.  44,  a  well-chipped  argillite  point  or  knife,  was  about  eighteen  inches 
down.  This  is  the  type  of  implement  so  abundantly  found  in  the  deposit 
below  the  black  soil.  If  you  will  dig  a  trench  anywhere  in  that  region, 
you  will  find  many  more  implements  of  this  character  in  the  upper  bed 
of  sand  than  in  the  black  soil;  you  will  find  that  they  are  most  abundant 
just  at  the  border  line  of  the  black  soil  and  the  sand.  This  is  the  lot  of 
Implements  and  chips  found,  as  shown  in  the  pictures,  in  the  excavations 
made  by  Mr.  Volk  in  April  and  May.  Here  are  samples  of  the  sand  from 
the  several  layers,  and  here  are  some  of  the  little  pebbles  from  one  of 
the  red  bands  which  alternate  with  the  sand. 

I  have  here  a  number  of  photographs  which  are  of  great  importance 
because  they  were  taken  in  the  presence  of  a  number  of  archaeoIogi.sts 
and  geologists.  For  my  own  part,  I  am  satisfied  that  all  these  specimens 
were  found  as  photographed  and  as  stated  by  Mr.  Volk  in  his  field 
notes ;  but  in  order  that  others  might  be  satisfied,  an  invitation  wan  given 
through  Professor  Wright  to  a  number  of  archaeologists  and  geologiKts 
to  visit  the  place  and  have  trenches  dug  under  tlieir  own  personal  super- 
vision that  they  might  see  the  ciiaracter  of  the  deposits.  As  a  result 
several  archaeologists  and  geologists  were  present  on  the  2oth,  26th,  27th 
and  28th  of  June.  The  trenches  were  dug  by  Mr.  Volk  and  his  assistant, 
according  to  the  direction  of  the  party  on  the  field.  I  purposely  stayed 
away.  I  desired  those  present  to  have  full  sway  to  do  as  they  wished. 
The  trenches  were  dug,  and  here  is  a  photograph  of  one  of  th<'m.  Here 
is  a  photograph  showing  a  specimen  in  place;  it  is  simply  a  stone  chip, 
and  is  one  of  the  few  chert  objects  that  have  been  found  here.  This 
[showing  both  the  photograph  and  specimen]  is  a  flake  of  argillite  found 
by  the  same  party  on  June  28th. 

I  wrote  to  Mr.  Volk  to  dig  another  trench  and  to  draw  a  diagram  of  it 
so  as  to  show,  in  colors,  the  layers  just  as  he  saw  them,  'the  diagram  is 
drawn  to  a  scale  of  one-half.'  The  trench,  four  feet  in  length,  shows  the 
several  deposits  and  the  black  soil  above.  Here  is  a  photograph  of  the 
section  shown  in  the  dia«;ram. 

On  one  of  the  photographs  you  will  notice  an  angular  boulder  partly 
covered  by  the  black  soil,  and  resting  upon  the  sand.  I  requested  Mr. 
Volk  to  cut  a  trench  directly  under  the  edge  of  that  boulder.  Here  is 
the  photograph  showing  the  boulder  resting  on  the  sand. 

It  is  beyond  any  reasonable  doubt  that  these  specimens,  and  a  number 

>  The  diagram  referred  to  la  reproduced  in  the  accompaDylng  figure. 
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of  others  in  the  New  York  Museum  and  in  the  Peabody  Museum, 
were  actually  found  in  situ  in  this  deposit.  We  know  that  many  of 
these  are  chipped  stones,  and  others  are  flakes  struck  off  by  the  agency  of 
man.  We  are  satisfied  of  that;  and  I,  for  one,  am  perfectly  satisfied 
that  the  objects  are  of  the  same  age  as  the  deposit  in  which  they  were 
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Section  of  Defosits  at  Lalor  farm,    i '« 

The  ahaded  lines  repreeent  the  layers  of  red  clay.    1,2,  Argllllte  chips     3.  Pebble 
and  argillite  chip.    4, 5,  U,  Large  pebbles. 

found.  Whatever  the  age  of  the  layers  of  red  clay  or  of  the  sand  be- 
tween them,  that  is  the  age  of  these  implements.  That  age  is  what  the 
geologists  must  determine  for  us.  Kvery  archaeologist  knows  that  man 
has  been  on  the  earth  many  thousand  years.    That  this  region  of  the 
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Delaware  valley  was  Inhabited  by  man  In  very  early  times  is  beycmd 
doubt ;  for  there  are  thousands  upon  thousands  of  his  implements  as  well 
as  other  indications  of  his  occupancy,  from  the  time  of  the  deposit  of 
these  layers  of  sand  and  clay  to  historic  times.  He  must,  moreover,  have 
been  somewhere  on  the  continent, while  these  early  deposits  were  form- 
ing, to  have  reached  this  spot  at  the  close  of  the  glacial  period  when  the 
region  became  habitable.  It  is  for  the  geologists  to  tell  us  the  age  of 
these  deposits. 

In  my  remarks  this  afternoon  I  have  endeavored  to  present,  as  briefly 
as  possible,  the  present  status  of  this  important  research  in  the  Delaware 
valley.  This  research  was  undertaken,  and  will  be  continued,  with  the 
determination  of  making  so  thorough  an  investigation  as  to  ascertain  the 
actual  facts,—  facts  which  will  tell  their  own  story,  whatever  that  story 
may  be.    [From  a  stenographic  report.] 


Thk  age  of  the  artifact-bearing  sand  at  Trknton.     By  Hrnky  B. 
KiJMMEL,  Chicago,  III. 

On  three  different  occasions  during  tlie  past  summer  I  examined  the  de- 
posits on  the  Lalor  farm  at  Trenton,  in  which  numerous  artifacts  have 
been  found.  So  far  as  my  observation  goes,  notliing  was  seen  to  prove 
that  they  were  not  in  situ.  In  all  cases  noted  they  were  found  with  longer 
diameters  horizontal,  i.  e  ,  in  the  position  they  would  naturally  occur  if 
their  age  is  the  same  as  that  of  the  sand  in  which  they  are  found.  No 
positive  evidence  was  noted  that  the  sand  had  been  so  disturbed  that  they 
might  have  been  intruded  from  above.  On  the  other  hand,  ihey  all  occur 
within  less  than  four  feet  of  the  surface,  in  the  zone  in  which  the  sand 
may  repeatedly  have  been  disturbed  by  uprooting  of  trees,  burrowing 
animals  and  Indian  burials.  Nothing  of  structure  was  seen  in  the  sand 
itself  by  which  this  crucial  question  could  be  positively  determined.  The 
•'  red  clay  films"  observed  at  various  intervals  in  the  sand  are  not,  in  my 
opinion,  lines  of  stratification  at  all,  nor  are  they  always  strongly  clayey. 
They  are  partly,  at  least,  zones  or  bands  of  infiltration  and  deposition  of 
ferric  oxide  which  has  somewhat  cemented  the  sand  grains.  Since  they 
are  not  lines  of  stratification,  the  fact  that  they  are  continuous  above  the 
specimens  is  not  necessarily  conclusive  proof  that  the  latter  are  in  situ. 
Nevertheless,  in  spite  of  the  abs^'uce  of  decisive  evidence  pro  or  con^  I 
am  inclined  to  the  view  that  the  artifacts  are  in  situ  and  not  intrusive. 

The  deposit  in  which  they  occur  is,  in  my  opinion,  dune-sand,  accumu- 
lated after  the  river  had  partially  or  completely  excavated  its  trench  below 
the  level  of  the  Trenton  terrace  The  reasons  for  this  conclusion  in  brief 
are  as  follows : 

1.  The  location.  The  trenches  are  all  within  one  hundred  or  one  hun- 
dred and  fifty  feet  of  the  edge  of  the  terrace,  which  here  overlooks  a 
broad  sandy  fiood  plain.    According  to  the  testimony  of  those  who  have 
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explored  most  thoroughly,  the  artifacts  are  found  most  abundantly  in 
the  sand  near  the  edge  of  the  bluff.  The  location  is  one  peculiarly  fav- 
orable for  the  accumulation  of  wind-blown  sand  driven  by  southerly 
and  westerly  winds  and  derived  from  the  steep  face  of  the  terrace  before 
it  was  covered  by  vegetation.  As  the  river  eroded  its  channel  below  the 
terrace  level  and  left  bare  the  freshly  cut  bank  of  sand  and  gravel,  the 
prevailing  winds  undoubtedly  swept  sand  on  to  the  terrace.  Naturally, 
some  would  accumulate  along  the  edge  of  the  bluff.  I  have  observed 
wind-i)lown  sand  at  many  points  in  exactly  similar  positions  farther  north 
along  the  Delaware. 

2.  The  topography.  In  the  immediate  vicinity  of  the  trenches  the  sur- 
face of  the  terrace  is  slightly  irregular,  being  di versified  by  low  swells 
and  saacer-like  depressions.  The  surfaces  of  the  swells  are  more  sandy 
tlian  of  those  parts  of  the  terrace  where  the  undulations  are  not  present. 
Occasional  large  boulders  occur  on  the  surface  of  the  terrace,  but  none 
were  noted  on  the  sandy  knolls.  Certainly  none  occur  in  the  immediate 
vicinity  of  the  trenches.  In  saying  that  the  surrounding  topography  is 
at  least  suggestive  of  wind  action  I  am  not  overstating  the  facts.  In  this 
connection,  too,  it  should  be  noted  that  the  present  flood-plain  is  marked 
by  low  dunes  now  in  the  process  of  formation,  and  the  similarity  of  sur- 
face is  thus  clearly  brought  out. 

3.  The  deposit.  Beneath  the  layer  of  forest  loam,  measuring  six  to  ten 
inches  in  thickness,  there  is  loose  yellowish  sand  absolutely  without  struct- 
ure lines,  but  traversed  by  two  or  three  more  or  less  distinct  films,  which, 
as  noted  above,  are  probably  due  to  infiltration  of  ferric  oxide.  Beneath 
the  yellowish  sand,  which  has  a  maximum  thickness  of  less  than  three 
feet,  there  is  a  reddish  layer  of  sand,  eight  or  ten  inches  thick,  grading 
downward  into  the  cross-bedded  sand  and  gravel,  which  all  are  agreed  is 
of  glacial  age  and  in  which  the  artifacts  are  not  found.  In  the  artifact- 
bearing  sands  there  is  no  evidence  that  it  was  water-deposited.  That  it 
is  a  local  deposit  is  shown  by  the  fact  that  it  does  not  occur  on  the  gravel 
seen  in  large  open  pits  a  few  hundred  yards  distant  from  the  trenches. 
It  seems  to  be  best  developed  along  the  edge  of  the  terrace.  Its  texture 
is  not  unlike  that  of  wind-blown  sand  observed  elsewhere,  and  it  is  de- 
cidedly unlike  the  sand  beds  exposed  in  the  gravel  pits.  This  latter  fact 
does  not  necessarily  separate  it  from  the  glacial  deposited  beds,  although 
it  points  to  such  a  separation. 

If  it  is  wind-blown  sand,  then  the  reddish  layer  between  it  and  the 
cro5»s-hedded  sand  and  gravel  probably  represents  the  upper  surface  of 
the  Trenton  gravel  and  was  the  terrace  surface  during  the  Interval  be- 
tween the  accumulation  of  the  glacial  gravel  and  the  wind-blown  sand. 
This  layer  was  examined  very  carefully  in  the  hope  of  finding  pr«iof  of 
its  being  an  old  soil.  No  humus  staining,  however,  was  observed,  and  its 
absence  may  be  an  argument  against  the  view  here  advanced.  It  is  not 
a  fatal  objection,  however,  since  its  absence  can  be  satisfactorily  ex- 
plained by  the  oxidation  and  leaching  which  the  whole  mass  has  under- 
gone.    This  action  is  still  going  on,  for  the  humus  staining   is  being 
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leached  out  of  the  underside  of  the  present  soil,  as  is  indicated  by  its 
mottled  appearance  through  a  zone  five  or  six  inches  thick. 

4.  The  presence  of  at  least  one  wind-eroded  pebble  in  the  sand  lends 
some  strength  to  this  interpretation,  although  in  the  light  of  the  studies  of 
Davis  and  Wood  worth  on  Cape  Cod  it  cannot  be  reganled  as  conclusive. 

The  presence  of  scattered  pebbles  in  the  sand,  too  large  to  have  been 
moved  by  the  wind,  may  at  first  sight  seem  to  be  fatal  t«>  this  view,  but 
when  all  the  facts  are  considered  it  is  not  so.  That  man  was  present  Is 
indicated  by  the  artifacts  found.  The  bank  from  which  the  pebbles  may 
have  been  carried  by  human  agencies  is  hardly  more  than  a  hundred  feet 
away.  Although  the  presence  of  the  pebbles  may,  to  some  degree,  weaken 
the  argument  it  is  not  fatal  to  it. 

My  conclusions  are,  therefore,  that  the  artifacts  are  probably  found  in 
situ.  There  is  no  positive  evidence  that  the  sand  deposit  Is  water-laid, 
and  there  are  strong  reasons,  although  perhaps  not  conclusive,  that  It  is 
windblown.  In  the  latter  case  it  may  date  from  a  period  much  later  than 
the  accumulation  of  the  Trenton  gravel.  It  seems  most  reasonable  to 
suppose  that  it  had  accumulated  after  the  river  had  cut  its  channel  some- 
what below  the  level  <»f  the  terrace  and  formed  a  freshly-cut  bluff,  from 
which  the  sand  wan  derived.  The  localization  of  the  sand  along  the 
present  bluff  and  the  reported  greater  abundance  of  the  artifacts  in  the 
sanii  nearest  the  bluff  support  this  conclusion. 

Substantially  these  same  conclusions  were  reached  by  me  at  the  tlm^ 
of  my  first  visit  to  this  locality,  and  my  later  observations  served  only  to 
confirm  them.  In  a  letter  to  Professor  Mercer,  written  about  July  Ist, 
I  stated  this  view  as  \o  the  origin  of  the  sand,  and  the  same  conclusions 
were  expressed  to  Professor  Smock  even  earlier.  Even  since  my  first 
visit  to  this  locality  I  have  been  of  the  opinion  that  these  deposits  are 
probably  seolian  and  that  they  ci'rtainly  do  not  represent  the  closing  stages 
of  the  Trenton  gravel. 


On  thk  implkmknt-bkaring  sand  deposits  at  Trrnton,  N.  J.     By  G. 
N.  Knapp,  Prairie  du  Sac,  Wisconsin. 

TiiK  opinion  is  expressed  that  the  sand  deposits  mentioned  in  the  litle 
were  of  wind  origin,  accumubited  since  the  river  had  cut  its  trench  below 
the  level  of  the  upper  Trenton  terrace.  This  opinion  is  based  on  a  recent 
visit  to  the  spot. 


On  thb  origin  and  age  of  the  kblic-bbaring  sand  at  Trknton, 
N.  J.  By  Prof.  Hollin  1).  Salisbury,  University  of  Chicago,  Chi- 
cago, III. 

The  locality  where  human  antiquities  have  recently  been  found  near 
Trenton,  New  Jersey,  is  situated  about  two  miles  south  of  the  heart  of 
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the  city.  The  points  where  the  finds  are  being  made  nre  on  a  somewhat 
extensive  plain,  the  principal  formation  of  which  is  composed  of  the  sand 
and  grave)  deposited  by  the  glacial  drainage  which  came  down  the  Dela- 
ware dnring  the  last  glacial  epoch.  On  the  east  side  of  the  Delaware  the 
plain  extends  abont  two  miles  east  of  the  locality  where  the  finds  are 
made.  It  also  has  a  considerable  development  on  the  west  side  of  the 
river,  and  extends  many  miles  up  and  down  the  Delaware  north  and  south 
of  the  locality  in  question.  From  Trenton  it  also  stretches  northeast  a 
number  of  miles  along  the  Assanpink  creek.  In  the  vicinity  of  Trenton 
this  plain  has  an  elevation  of  fifty  to  sixty  feet.  Through  it  the  Delaware 
has  cut  a  wide  valley,  the  fiood-plain  of  which  is  now  less  than  ten  feet 
above  sea-level.  The  relation  of  the  flood-plain  to  the  plain  above  shows 
that,  after  the  latter  was  made,  the  river  excavated  a  valley  in  it,  cutting 
it  down  essentially  to  tide-level.  This  valley  has  been  cut  since  the  last 
glacial  epoch.  The  gravel  plain  to  the  east  and  north  of  the  point  wliere 
the  finds  are  made  ends  abruptly  at  the  margin  of  the  post-glacial  valley, 
in  a  blufi"  about  forty  feet  In  height,  with  a  slope  wliich  Is  about  as  steep 
as  the  material  of  which  it  is  composed  will  lie. 

The  relations  shown  on  the  New  Jersey  side  of  the  river  are  in  a  gen- 
eral way  duplicated  on  the  Pennsylvania  side.  The  gravel  of  glacial  age 
has  a  similar  disposition,  but  the  border  of  the  valley  on  that  side  is  not 
so  sharply  defined,  indicating  that  the  more  recent  cutting  of  the  stream 
has  been  on  the  east.  The  steepness  of  the  hluflf  of  gravel  at  the  points 
concerned  is  In  itself  proof  of  the  recency  of  the  excavation  on  this  side. 
The  surfacie  of  the  plain  is  slightly  undulatory,  though  the  relief  is 
usually  but  a  few  feet.  In  places  erosion  has  affected  it  to  some  slight 
extent,  and  in  places  its  surf  ace  appears  to  have  been  left  slightly  uneven 
by  the  deposition  of  the  material  of  which  it  is  made.  Its  surface  is  also 
characterised  at  various  points  by  low  mounds  and  ridges  of  sand,  heaped 
up  by  the  wind.  By  this  means  an  element  of  undnlatoriness  hus  been 
added  to  the  surface  as  originally  left  by  the  deposition  of  the  main  body 
of  sand  and  gravel  involved. 

While  the  plain  consists  of  sand  and  gravel,  so  far  as  its  general  con- 
stitution is  concerned,  its  surface  is  in  many  places  coated  with  a  thin 
layer  of  sandy  loam,  which  contains  occasional  pebbles  similar  to  those 
which  make  up  the  body  of  the  gravel  beneath.  It  is  not  always  possible 
to  say  to  what  extent  the  surface  loam  represents  the  last  stage  of  deposi- 
tion of  the  glacial  sands  and  gravel;  to  what  extent  it  represents  the 
surface  accumulation  of  loamy  matter  brought  up  from  lower  levels  by 
the  action  of  biotic  agencies,  such  as  worms,  ants,  burrowing  mammals, 
etc. ;  or  to  what  extent  it  represents  deposition  by  marine  or  estiiarine 
waters  which  stood  over  the  region  after  the  glacial  drainage  ceased  to 
flow  through  this  part  of  the  Delaware. 

Relations  similar  to  those  where  the  human  relics  just  south  of  Trenton 
are  found  characterize  the  east  side  of  the  Delaware  for  many  miles  far- 
ther south.  In  this  direction  materials  derived  from  glacial  waters  are 
less  readily  identified  at  most  points,  but  the  topography  and  relations  of 
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the  plain  bordering  the  Delaware  are  such  as  to  show  that  it  was  derel- 
oped  contemporaneously  witli  the  plain  at  Trenton.  Even  where  not 
made  up  chiefly  of  glacial  materials,  the  plain  farther  south,  like  that  at 
Trenton,  is  slightly  undulatory,  and  is  coated,  in  places,  with  dune  sand. 
Such  sand  is  especially  likely  to  be  found  on  the  west  ed»e  of  that  part 
of  the  plain  which  lies  east  of  the  Delaware,  and  just  east  of  the  line 
where  the  plain  descends  with  a  bluff  face  to  the  flood-plain  of  the  stream. 
Well-marked  dunes  sometimes  appear  in  this  situation,  and  dune  sand  in 
larger  or  smaller  quantity  is  so  general  that  its  presence  along  the  edue 
of  the  plain  above  the  valley  may  be  said  to  be  the  rule,  rather  than  the 
exception,  between  Trenton  and  Camden. 

The  same  is  true  of  the  tributaries  which  come  down  to  the  Delaware 
from  the  east.  Although  they  did  not  bring  down  glacial  sands  and 
gravels,  they  brought  down  sands  and  gravels  of  other  sorts,  partially 
filling  their  valleys,  which,  like  the  Delaware,  have  been  re-excavated 
since.  On  the  liluffs  of  the  tributary  valleys,  as  well  as  along  the  main 
stream,  dune  sand  is  of  frequent  occurrence.  In  the  dune  sand  along 
these  tributaries,  relics  of  early  peoples,  consisting  of  chips  of  argillite, 
arrowheads,  and  half-fashioned  tools  of  various  sorts,  are  frequently 
found. 

Sand  is  found  in  similar  relations  at  some  points  on  the  Delaware  above 
Trenton.  At  many  points  it  has  been  blown  up  from  the  glacial  gravel 
terraces  to  higher  levels,  though  it  rarely  takes  the  forms  of  distinct 
dunes.  It  is  frequently  three  to  five  feet  in  deptli,  facing  the  bluffs  above 
the  glacial  plain  in  irregular  patches,  or  capping  their  crests. 

The  trenches  in  which  the  human  relics  near  Trenton  have  recently  been 
found  are  upon  the  immediate  edge  of  the  plain  overlooking  the  post- 
glacial valley  of  the  Delaware.  Here,  as  is  frequently  the  case  in  such 
situations,  the  sandy  loam  over  the  gravel  of  glacial  age  is  tliicker  than 
farther  back  from  the  bluff,  but  even  here  it  is  but  three  or  four  feet  in 
thickness,  including  the  black  soil.  It  is  in  this  sand  and  loam,  quite 
al)ove  the  materials  which  arc  clearly  of  glacial  age,  that  the  human  relics 
are  found. 

In  detail  the  sections  shown  in  the  trenches  open  in  May  and  Jnly 
showed  a  sandy  soil  aflected  by  organic  matter  to  the  depth  of  six  to 
twelve  inches,  the  lower  limit  being  ill-deflned.  The  soil  graded  down 
into  sand  which  was  essentially  free  from  organic  matter,  and  which  had 
a  thickness  of  two  to  three  feet.  The  sand  was  without  apparent  strati- 
fication. Below  it  lay  the  stratified  drift,  confidently  referred  to  the  time 
of  the  last  ice  epoch.  It  will  be  seen,  therefore,  that  the  relics  were 
found  in  the  structureless  sand  and  loam  which  overlay  the  sand  and 
gravel  of  glacial  age. 

Besides  being  essentially  structureless,  the  sand  and  loam  in  which  the 
relics  were  found  contained  occasional  pebbles.  Some  of  them  were  as 
large  as  one's  fist,  and  occasionally  one  was  found  of  still  greater  size, 
though  most  of  them  were  tiny  pebbles.  Many  of  them  were  .so  small  as 
to  be  within  the  power  of  wind  to  transport,  while  others  were  so  large 
as  to  make  this  mode  of  transportation  impossible. 
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In  the  sand  there  were  at  some  points  streaks  more  highly  colored  than 
the  portions  above  or  below.  These  streaks  had  a  position  approaching 
horlzontallty,  but  In  detail  they  were  exceedingly  Irregular.  Locally  they 
were  Interrupted,  apparently  broken ;  and  in  other  places  they  faded  out 
altogether.  In  general  they  were  thin,  a  trifling  fraction  of  an  Inch  In 
thickness.  They  were  sometimes  so  faint  as  to  be  traceable  with  dlffl- 
culty ,  while  In  other  places  they  thickened  to  a  quarter  of  an  inch  or  more. 
While  these  streaks  were  often  distinct,  they  were  not  to  be  mistaken  for 
lines  of  stratification,  with  which  they  clearly  had  nothing  to  do.  They 
could  not  be  assumed  to  be  the  edges  of  stratification  plains  distorted  by 
unequal  sinking,  for  if  this  were  their  origin  successive  streaks  In  the> 
same  vertical  section  should  have  corresponded  In  their  Irregularities. 
This  was  not  the  fact,  for  one  streak  was  liable  to  bend  up  just  where 
the  one  a  few  Inches  below  it  bent  down,  a  relation  which  excluded  the 
Idea  of  unequal  settling.  Furthermore,  they  were  so  irregular  that  their 
total  length,  as  seen  in  the  face  of  a  trench,  measuring  all  irregularities, 
was  considerably  greater  than  the  length  of  the  section  Itself. 

These  reddish  streaks,  which  were  thought  to  carry  more  pebbles  than 
the  other  portions  of  the  sand,  seemed  to  be  due  to  one  or  more  of  two 
or  three  causes.  In  places  they  seemed  to  be  due  to  the  concentration  of 
coloring  matter,  especially  Iron  oxide.  In  other  places  they  looked  rather 
as  if  fine  reddish  bllt  had  accumulated  along  them  through  the  Influence 
of  percolating  water.  In  either  case  there  must  have  been  something  In 
the  texture  along  this  Irregular  surface  to  occasion  the  concentration. 
The  surface  of  which  these  Irregular  lines  were  the  outcrops  may  perhaps 
once  have  been  the  upper  surface  of  the  land,  subsequently  burled  by 
wind-blown  dust  and  sand.  Many  of  the  little  Irregularities  of  the 
streaks  were  such  as  might  be  thus  explained,  though  the  abrupt  breaks 
In  them  must  be  accounted  for  In  some  other  way.  So  far  as  I  could 
make  out,  there  was  nothing  except  these  reddish  streaks  which  could  by 
any  possibility  be  mistaken  for  structure,  and  had  I  not  known  at  the  time 
of  my  second  visit  that  they  had  been  taken  by  others  for  the  edges  of 
stratification  plains,  I  should  not  have  supposed  this  interpretation  a 
possible  one. 

Concerning  the  age  and  origin  of  the  sand  which  contains  the  relics, 
no  positive  affirmation  can  be  made,  and  It  Is  only  fair  to  say  that  this 
statement  Is  made  on  the  basis  of  a  somewhat  full  knowledge  of  the  sur- 
rounding region.  So  far  as  Its  stratlgraphlc  relations  are  concerned,  the 
relic-bearing  sand  might  represent  the  last  phase  of  deposition  by  glacial 
waters,  or  It  might  belong  to  any  later  epoch.  Its  absence  of  structure 
does  not  show  that  It  was  not  deposited  by  water,  for  In  the  nature  of 
the  case  It  could  not  now  be  expected  to  show  structure,  whatever  Its 
origin.  This  would  be  true  whether  It  represents  (1)  the  last  phase  of 
deposition  by  glacial  waters,  (2)  an  estuariue  deposit  of  later  age,  or  (3) 
ffiollan  sand ;  for  the  continually  renewed  perforation  of  the  sand  to  the 
depth  of  several  feet  by  the  roots  of  plants,  the  continual  borings  of 
burrowing  mammals,  worms  and  insects,  all  of  which  frequently  go  down 
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to  the  bottom  of  the  sand  overlying  the  gravel  of  glacial  age,  would  quite 
probably  have  destroyed  all  traces  of  stratification  which  the  sand  may 
once  have  had.  If  this  were  not  enough,  the  freezing  and  thawing,  and 
the  wetting  and  drying,  would  have  completed  the  obliteration  of  any 
original  structure.  For  this  result  even  a  very  few  centuries  would 
suffice.  It  cannot  be  asserted,  therefore,  that  the  sand  was  not  once 
stratified. 

On  the  other  hand,  the  sand  in  which  the  relics  are  found  may  have 
been  blown  to  its  present  position.  The  fact  that  the  immediate  edge  of 
the  bluff  is  slightly  higher  than  the  plain  farther  back  lends  color  to 
this  view,  but  the  rise  next  the  edge  of  the  bluff  is  very  slight,  and  the 
conclusion  that  it  is  due,  at  this  particular  point,  to  an  accumulation  of 
wind-blown  material  is  not  necessitated.  The  explanation  of  <eolian  sand 
in  this  position  would  be  easy.  While  the  river  was  cutting  its  valley  Id 
the  plain,  the  bluffs  were  bare.  The  bare  face  of  the  bluff  was  made  of 
loose  sand  and  gravel,  and  the  prevailing  westerly  >vinds  might  well  have 
blown  sand  from  the  slope  to  the  top  of  the  bluff  above.  This  is  just  the 
situation  in  which  dune  sand  would  be  expected  to  accumulate  under  such 
circumstances,  is  indeed  Just  the  situation  in  which  it  has  accumulated 
at  many  other  points  along  the  Delaware  and  its  tributaries.  It  is  prob- 
ably not  an  exaggeration  to  say  that  dune  sand  occurs  in  greater  or  less 
quantity  along  the  Jersey  side  of  the  river,  more  than  half  the  way  be- 
tween Trenton  and  Camden,  and  throughout  this  stretch  its  favorite  posi- 
tion is  on  the  edge  of  the  river  bluff.  The  dune  sand  along  the  tributaries 
to  the  Delaware  between  Trenton  and  Camden  occurs  in  the  same  rela- 
tions. The  very  general  presence  in  the  region  of  wind-blown  sand  on 
the  crests  of  valley  bluffs  leads  one  to  suspect  the  same  origin  for  sands  In 
similar  situations,  such  as  that  in  which  the  relics  are  found,  even  when 
they  cannot  be  proved  to  be  leolian.  The  case  is  still  further  strengthened 
by  the  fact  that  human  relics  are  very  generally  found  In  the  sand  which 
is  demonstrably  solian. 

In  the  presence  of  the  stones  there  is  an  apparent  difficulty  in  the  way 
of  ascribing  the  sands  in  question  to  the  wind.  If,  however,  thejsauds 
were  accumulated  by  the  wind  after  the  occupation  of  the  region  by  early 
peoples,  the  larger  stones  may  have  been  dropped  by  men  upon  the  sur- 
face at  the  same  time  with  the  argillite  chips  and  half -fashioned  imple- 
ments, while  the  smaller  ones  might  have  been  blown  in.  But  we  are 
not  shut  up  to  this  conclusion.  There  are  various  other  ways  in  which 
pebbles  might  be  introduced  into  leolian  sand.  The  burrowing  animals 
and  the  growth  and  decay  of  the  roots  of  trees  might  introduce  relics 
and  stones  from  the  top,  if  they  were  left  by  men  on  the  surface.  Relics 
of  modern  civilization,  bits  of  coal,  pieces  of  brick,  etc.,  were  found  in 
the  sand  down  to  a  maximum  depth  of  seventeen  Inches.  The  uprooting 
of  considerable  trees  might  bring  up  gravel  stones  of  considerable  size 
from  depths  of  several  feet  into  the  surface  material.  If  forest  trees 
were  ever  upturned  by  winds  in  this  locality  they  could  not  fail  to  bring 
up  pebbles  into  the  sand  above  the  gravel.     The  breaks  in  the'streaks 
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already  referred  to  might  find  explanation  in  such  disturbances.  In  view 
of  these  possibilities  the  presence  of  the  pebbles  in  the  sand  cannot  be 
asserted  to  prove  that  it  is  not  of  wind  origin.*  Finally,  it  is  believed 
that  no  unqualified  conclusion  concerning  the  origin  of  the  relic-bearing 
sand  Is  warranted.  It  may  be  of  aqueous  origin,  dating  f1-om  the  close 
of  the  last  glacial  epoch ;  it  may  be  of  aqueous  origin  of  later  age,  for 
sea  water  probably  covered  the  region  at  the  close  of  the  last  glacial 
epoch  or  later ;  and  it  may  be  aeolian,  dating  from  a  time  long  subsequent 
to  the  deposition  of  the  sand  and  gravel  of  the  plain. 

Whatever  its  origin,  it  may  safely  be  said  that  the  surface  material 
down  to  the  lowest  depth  at  which  the  relics  have  been  found  has  been 
so  disarranged  that  no  affirmation  can  be  made  concerning  the  origin  of 
the  relics  it  contains.  It  is  all  within  the  zone  of  active  weathering  and 
surface  disturbance.  If  the  finds  were  fossils,  in  the  usual  sense  of  the 
term,  it  is  certain  that  geologists  would  not  feel  warranted  in  attaching 
much  importance  to  them. 


Special  explorations  in  thk  implkment-bkaiiing  deposits  on  the 
Lalor  Farm,  Trenton,  N.  J:  By  Prof.  G.  Frederick  Wright, 
Oberlin  College,  Oberlln,  O. 

By  permission  of  Professor  F.  W.  Putnam  a  number  of  geologists  and 
archaeologists  were  invited  by  me  to  conduct  independent  investigations  on 
the  Lalor  farm  in  Trenton,  N.  J.,  with  a  view  to  verifying  the  conclusions 
at  which  he  had  arrived  concerning  the  age  of  the  artifacts  found  in  the 
gravel  at  that  place.  As  a  result  of  the  invitation,  Mr.  H.  C.  Mercer, 
Professor  Arthur  HoUick,  Dr.  H.  D.  KQmmel  and  Professor  William 
Libbey  met  with  me  upon  the  ground,  and  we  availed  ourselves  of  the 
facilities  afforded  us  by  Mr.  Ernest  Volk,  who  has  been  for  several  years 
engaged  in  explorations  in  the  vicinity  of  Trenton,  under  the  direction  of 
Professor  Putnam,  in  the  interests  of  the  Peabody  Museum,  Cambridge, 
Mass. ;  the  Columbian  Exposition  of  Chicago,  and  the  Museum  of  Natural 
History  of  New  York  City.  I  was  upon  the  ground  the  26th.  the  26th 
and  the  28th  of  June,  and  September  13th  and  14th,  1897.*  At  this  time 
Mr.  Mercer  was  present  every  day  but  the  13th  of  September,  and  Pro- 
fessor HolUck  every  day  but  the  28th  of  June  and  the  14th  of  September, 
while  Dr.  Riimmel  and  Professor  Libbey  were  present  on  one  day  only. 

The  farm  on  which  such  generous  privileges  have  been  granted  by  the 
Misses  Lalor  is  situated  on  the  terrace  upon  which  the  city  of  Trenton  is 

» My  co-laborer  In  New  Jersey,  Mr.  George  N.  Knapp,  Tlsited  the  locality  where 
the  relics  are  found.  In  June,  and  reached  the  conclusion  that  the  eands  In  question 
are  leolian.    No  one  has  more  Intimate  familiarity  with  these  sands  than  he. 

*In  revising  proof  of  this  paper  I  have  included  the  results  of  the  later  examina- 
tions made  in  tseptember. 
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built,  about  a  mile  below  the  city,  overlooking  the  Delaware  river  from 
the  edge  of  the  terrace,  which  here  descends  abruptly  to  the  flood-plain 
of  the  Delaware,  about  forty  feet  below.  That  this  farm  is  within  the 
limits  of  the  so-called  '*  Trenton  gravel"  is  conceded  by  every  one,  and  is 
clearly  evident  from  a  gravel  pit  which  has  been  recently  opened  not  more 
than  three  hundred  yards  to  the  north.  In  this  pit,  wliich  has  been 
worlced  to  a  depth  of  about  twenty  feet,  the  general  sand  and  gravel  are 
very  distinctly  stratified,  with  the  lines  of  bedding  and  cross-bedding 
perfectly  distinct  up  to  within  three  or  four  feet  of  the  surface.  Many 
boulders,  some  of  them  two  or  three  feet  In  diameter,  occur  in  the  lower 
part  of  the  deposits.  A  large  pile  of  boulders  which  had  been  tlirown 
aside  by  the  workmen  well  Illustrates  the  obser^'ation  early  made  by  Pro- 
fessor Cook  and  Professor  Shaler,  that  the  material  of  the  Trenton 
gravel  is  almost  entirely  derived  from  the  upper  part  of  the  valley  of  the 
Delaware  river,  and  is  to  that  extent  local  material. 

There  is  but  one  theory  entertained  by  geologists  at  the  present  time 
concerning  this  gravel,  which  is,  that  it  is  a  delta  deposit  made  by  the 
glacial  floods  which  came  down  the  river  from  the  melting  of  the  ice 
which  formed  the  BeMdere  terminal  moraine,  about  seventy  miles  above 
Trenton.  Through  that  distance  the  gradient  of  the  river  is  about  three 
and  one-half  feet  to  the  mile,  and  the  valley  is  narrow,  so  that  the  abun- 
dant floods  of  that  time  could  easily  bring  down  the  excessive  amount  of 
debris  released  by  the  melting  ice.  On* reaching  tide- water  and  a  broader 
valley  at  Trenton  the  swollen  streams  of  that  epoch  rapidly  built  up  the 
flfty-f oot  delta  terrace  upon  which  the  city  stands.  This  terrace  is  flrom 
two  to  three  miles  in  diameter,  upon  the  New  Jersey  side,  and  wherever 
excavated  shows  substantially  the  same  phenomena  described  in  the  pit 
adjoining  the  Lalor  farm,  which  is  about  the  middle  of  the  special  en- 
largement of  the  deposit  from  north  to  south  from  which  the  gravel  re- 
ceived its  name. 

The  excavations  made  by  our  party  were  upon  the  summit  of  this  delta 
deposit,  oeginning  from  the  bluff  where  It  faces  the  river  valley  to  the 
west,  and  which  breaks  down  to  the  level  of  the  flood-plain,  forty  feet 
below,  with  as  steep  a  descent  as  the  gravel  would  naturally  maintain, 
the  slope  being  now  covered  with  a  luxuriant  growth  of  forest  trees. 

As  our  investigations  were  made  with  reference  to  verifying  the  con- 
clusions of  Mr.  Ernest  Yolk,  it  is  proper  to  state  the  main  results  of  his 
work.  Mr.  Yolk  has  carefully  dug  over  the  area  stretching  back  from 
this  bluff  for  a  width  of  about  three  hundred  feet  and  a  length  of  some- 
thing like  twenty -flve  hundred  feet.  Over  all  this  area  he  has  sunk  trenches 
a  little  over  three  feet  in  depth,  and  carefully  noted  the  evidences  of  hu- 
man occupation,  together  with  the  character  of  the  deposit  and  the  depth 
at  which  the  artiflcial  objects  have  occurred.  All  this  material  gathered 
by  him  is  to  be  found  carefully  labelled,  but  for  the  most  part  unreported 
upon,  in  the  museums  above  referred  to  in  our  first  paragraph.  Mr. 
Yolk*s  worR  has  shown  that  the  upper  twelve  inches  of  this  surface  con- 
tain more  or  less  signs  of  vegetable  mould,  and  a  very  large  number  of 
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chips  and  chipped  implements  made  from  flint  and  jasper,  with  occa- 
sional chipped  pieces  of  argilllte.  Many  other  indications.of  the  ordinary 
occupation  by  Indians  also  occur  in  this  upper  foot  of  soil ;  such  as  pieces 
of  pottery,  the  bones  of  animals  which  had  been  used  for  food,  and  pieces 
of  charcoal.  Occasionally,  also,  there  are  pits  running  to  a  depth  of  two 
or  three  feet  in  which  are  similar  objects  down  to  the  bottom. 

But  in  the  compact  undisturbed  sand  from  one  foot  below ^the  surface 
through  the  two  feet  or  more  of  the  lower  part  of  the  trenches]Mr.  Voile 
reports  that  he  has  found  no  pottery  or  charcoal  or  chipped  fragments  of 
jasper,  flint  or  quartz ;  but  that  he  has  found,  sparingly  scattered  through- 
out the  entire  mass,  many  chipped  fragments  and  implements  made  from 
argilllte,  these  occurring  frequently  near  the  bottom  of  the  trenches, 
three  feet  and  more  below  the  present  surface  and  two  or  more  feet  below 
ordinary  signs  of  recent  disturbance. 

At  the  first  visit  our  own  work  consisted  in  the  digging  of  one  long 
trench  from  near  the  edge  of  the  bluff  back  through  a  distance  of  twenty- 
one  and  one-half  feet.  Its  width  was  three  and  three-quarters' feet,  and  its 
depth  a  little  over  three  feet.  This  was  immediately  north  of  the  ground 
which  has  been  explored  by  Mr.  Volk.  We  also  dug  three  other  pits,  one 
being  about  twenty  feet  farther  north,  which  was  7|  x  H  feet ;  another, 
thirty  feet  east  of  the  second,  which  was  six  feet  square ;  a  fourth,  one 
hundred  feet  still  farther  east,  and  on  ground  about  one  foot  higher, 
which  was  four  and  a  half  feet  square. 

After  careful  examination  we  flxed  upon  flfteen  inches  as  the  limit  of 
probable  or  possible  ordinary  disturbance,  and  had  all  the  superincum- 
bent soil  removed  from  the  trenches  to  that  depth.  We  then  had  narrow 
excavations  made  two  feet  lower  or  to  a  total  depth  of  forty  inches,  in 
some  cases  going  still  farther  down.  Having  prepared  a  smooth  perpen- 
dicular surface,  the  work  was  subsequently  done  by  carefully  scraping 
off  the  face  of  the  excavation  with  a  trowel,  and  when  any  object  of 
stone  was  encountered,  all  were  called  to  witness  it  In  place  before  re- 
moval. In  this  way  a  total  amount  of  three  hundred  and  twenty-flve 
cubic  feet  of  the  deposit  was  carefully  examined.  This  is  equivalent  to 
a  trench  forty  feet  long,  four  feet  wide  and  two  feet  deep ;  this  being 
the  lower  two  or  more  feet  of  the  material  removed. 

Number  of  objects  found, — As  a  result  of  this  examination  during  the 
first  visit,  there  were  found  in  the  lower  two  feet  of  undisturbed  soil 
fifteen  chipped  fragments  or  implements  of  argiUite  all  covered  with  a 
deep  patina,  two  thick  flakes  of  jasper  and  three  of  quartz,  with  a  few 
broken  stones.  There  were  found  and  counted  also  between  three  hun- 
dred and  four  hundred  pebbles  ranging  from  the  largest,  which  was  8i  x 
4|  X  2ib  inches,  down  to  numerous  ones  the  size  of  a  French  pea.  Many 
of  them  were  from  one  to  two  inches  in  diameter.  The  implements  were 
scattered  pretty  evenly  through  the  entire  mass  of  gravel.  The  upper 
five  inches  contained  four;  the  second  five,  seven;  the  third  flve,  four; 
the  fourth  flve,  flve.  Besides  this  there  were  six  battered  or  broken 
pebbles,  showing  artiflcial  origin,  but  all  these  were  in  the  upper  six 
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inches  of  oar  stratnm.  Of  the  qaartz  and  flint  flakes,  two  were  found  in 
the  upper  four  inches,  two  from  ten  to  twelve  inches  down,  and  one  at  a 
depth  of  eighteen  inches. 

The  character  of  the  strata. — Beginning  at  the  top,  there  is  flrst  a 
stratum  of  flfteen  inches  to  be  excluded.  The  upper  seven  inches  of  the 
strata  under  consideration  consists  of  compact  sand  in  which  there  are 
no  signs  of  bedding  or  disburbance  of  any  sort. 

Below  this  occurs,  over  most  of  the  area,  a  reddish,  clayey  band,  about 
a  half -inch  thick,  which  extends  in  a  wavy  line,  often  thinning  out  so  as 
to  be  almost  imperceptible. 

Below  this  is  a  stratum  of  yellowish  sand,  similar  to  the  flrst,  about 
six  inches  thick. 

Below  this  Is  a  second  continuous  reddish  band  slightly  waved,  but  far 
less  so  than  No.  1,  and  about  two  inches  thick,  thinning  out,  however,  in 
places  to  half  an  inch  or  slightly  less. 

Then  occurs  another  stratum  of  yellowish  sand,  about  four  Inches  thick. 

Still  lower  comes  reddish  clay,^  ten  inches  thick,  partly  divided  by  an 
irregular  stratum  of  sand,  two  or  three  inches  thick,  running  through 
the  middle  of  it.  In  some  places,  however,  the  clay  bands  coalesce,  and 
the  sand  continues  along  the  line  in  lenticular  masses.  This  clay  stratum 
rests  upon  the  more  completely  washed  sand  and  gravels  which  form  the 
great  mass  of  the  terrace. 

Analysis  of  these  strata.^The  predominant  material  in  the  entire  thick- 
ness examined  is  sand,  but  there  is  mixed  with  it  a  varying  amount  of 
clay  and  iron,  both  being  specially  concentrated  in  the  red  bands.  I  have 
had  specimens  from  these  strata  analyzed  to  determine  the  relative 
amount  of  clay,  sand  and  iron  contained  in  them.  The  specimens  were 
flrst  thoroughly  and  repeatedly  soaked  and  shaken  in  water,  which  was 
poured  off"  immediately,  carryin*?  everything  which  could  be  held  in  sus- 
pension, and  leaving  the  sand  thoroughly  washed.  After  being  allowed 
to  settle  twenty-four  hours,  the  water  was  siphoned  off  and  the  residue 
thoroughly  dried.  This  was  then  compared  in  bulk  with  the  residue  of 
sand  which  had  also  been  dried.  All  the  specimens  were  treated  in  a 
similar  manner.    The  results  were,  beginning  at  the  top : 

1st  sand  stratum.  18%  suspended  matter;  2d  sand,  16%;  8d  sand,  14%; 
underlying  sand,  7%.  Of  the  red  bands,  1st  red  stratum,  24%  suspended 
matter ;  2d  red  stratum,  27% ;  3d  stratum,  27% ;  4th  (or  lower  part  of  3d) 
stratum,  37%.  The  amount  of  iron  contained  in  the  flue  sediments  so 
far  as  analyzed  was  as  follows :  from  the  2d  sand,  one-half  of  one  per 
cent  of  the  whole  amount;  of  the  2d  red  stratum,  one  and  one-half  per 
cent  of  the  whole  amount,  and  the  same  for  the  4th  red  stratum.  These 
red  bands,  therefore,  are  not  to  any  appreciable  extent  segregations  of 
iron.  The  iron  scarcely  more  than  suffices  to  give  the  color.  The  analy- 
sis shows,  therefore,  that  these  red  bands  contain  from  26%  to  33%  more 
clay  than  is  found  in  the  Interstratifled  strata  of  sand. 

» Throughout  I  use  clay  as  signifying  sediment  so  fine  that  it  is  held  in  suspension 
in  water  for  an  appreciable  time. 
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While  the  water-worn  pebbles  were  distributed  more  or  less  through 
the  entire  mass,  they  are  specially  abundant  in  and  below  the  second* 
third^and  fourth  reddish  clayey  accumulations.  These  pebbles  vary  In 
size,  as  has  been  said,  from  those  several  inches  in  diameter  down  to 
small  pieces  of  gravel.  Pebbles  from  one  to  two  inches  are  numerous. 
The  largest  one  referred  to  was  Imbedded  In  the  clayey  stratum,  No.  2, 
Just  as  if  dropped  into  the  clay  and  pressed  nearly  through  it,  crowding 
lower  down  two  or  three  smaller  ones  which  underlay  it.  This  was  found 
in  the  longer  trench,  seventeen  inches  below  our  selected  zone  of  doubt. 
This  was  about  three  feet  distant  from  the  locality  of  one  of  our  best- 
formed  chipped  argillite  scrapers,  which  occurred  three  inches  lower 
down  In  the  deposit,  and  beneath  the  clayey  stratum.  As  I  personally 
removed  with  my  trowel  all  material  in  this  section,  I  know  that  the 
clayey  stratum  containing  the  large  pebble  was  continuous  and  unbroken, 
not  only  between  the  pebble  and  the  point  directly  over  the  argillite  im- 
plement, but  for  two  or  three  feet  upon  the  other  side,  and  that  pebbles, 
large  and  small,  were  frequently  struck  by  the  trowel  along  the  entire 
distance. 

The  implement  above  referred  to  was  located  carefully  and  photographed 
by  us.  The  first  clayey  band  over  it  was  here  about  two  inches  thick  and 
so  compact  as  to  give  distinct  special  resistance  to  the  trowel  wherever 
it  was  struck.  Its  level  was  twenty  inches  below  our  zone  of  doubt,  or 
thirty-five  inches  below  the  surface.  Upon  our  last  visit,  however,  two 
well-formed  argillite  implements  were  found  at  still  greater  depth,  and  if 
possible  in  still  more  unequivocal  position.  One  of  these,  found  by 
Professor  Hollick,  was  in  the  main  trench  more  than  twenty  feet  farther 
east.  This  was,  also,  below  the  second  clayey  band,  which  is  here  nearly 
ten  inches  thick.  The  implement  was  three  feet  five  inches  below  the 
surface,  or  twenty-six  inches  below  the  arbitrary  line  we  had  fixed  as  our 
zone  of  doubt.  The  order  of  strata  was  as  follows :  one  foot,  disturbed 
soil ;  eighteen  Inches,  compact  yellow  sand ;  first  wavey  reddish  clayey 
band,  one-half  inch;  yellow  sand,  two  inches;  second  reddish  clayey 
stratum,  with  inclosed  lenticular  sand  patches,  ten  inches ;  sandy  layer, 
five  inches,  containing  the  implement;  reddish  clayey  band,  five  inches. 
Below  this,  without  any  signs  of  unconformity,  were  several  successive 
alternating  strata  of  sand  and  reddish  clayey  material  to  the  total  depth 
dug,  six  feet  nine  inches.  There  was  every  indication  that  the  entire  de- 
posit up  at  least  to  the  upper  wavy  reddish  clayey  s  tratum  M^as  built  up 
by  a  continuous  process  of  water  deposition,  the  upper  portion  represent- 
ing the  waning  cycles  of  deposition  characteristic  of  floods  which  were 
reaching  their  limit  both  by  reason  of  increased  elevation  of  the  flood- 
plain  and  of  a  diminution  of  the  water  supply. 

Eight  feet  north  of  this  implement,  across  the  end  of  the  trench,  with 
the  strata  continuous  between,  Mr.  Volk  had  previously  photographed 
another  argillite  implement  in  place  one  inch  lower  than  this  and  beneath 
almost  exactly  the  same  succession  of  strata.  Again,  on  the  face  of  one 
of  our  earlier  pits  farthest  from  the  bank,  about  forty  feet  distant  from 
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this  one,  we  found  on  the  second  visit  and  photograplied,  and  Mr.  Mercer 
took  out  witli  his  own  hands,  a  well-formed  argillite  implement  three 
feet  three  inches  below  the  surface,  or  two  feet  below  our  arbitrarily 
chosen  line  of  doubt.  There  were  two  of  the  clayey  bands  above  this, 
the  order  being  closely  similar  to  that  described  in  the  trench.  The 
second  of  the  clayey  bands,  which  is  here  about  two  inches  thick,  con- 
tained a  pebble  more  than  two  inches  in  diameter,  which  was  pressed 
down  into  the  stratum  as  if  by  its  own  and  the  superincumbent  weight. 
On  removing  the  pebble  the  clay  adhered  to  it,  but  was1not][cemented  to 
it.  It  could  all  easily  be  removed  with  the  fingers.  Two  or  three  feet 
east  of  this  implement  were  the  marks  of  the  tap-root  of  a  tree  which 
had  penetrated  all  the  strata  to  a  depth  of  something  over  two  feet.  It 
was  perfectly  easy  to  distinguish  the  course  of  this  root,  but  there  were 
no  other  signs  of  such  disturbance  around  the  face  of  the  exposure  in 
the  vicinity  of  any  of  the  implements  described. 

Extent  of  the  reddish  clayey  hands. ^To  determine  the  extent  of  these 
deposits  and  the  manner  of  their  formation,  pits  were  dug  at  three 
points,  from  two  hundred  to  five  hundred  feet  farther  in  from  the  edge 
of  the  bluff.  Two  of  these  were  upon  a  slightly  elevated  ridge,  from  two 
to  three  feet  higher  than  our  main  trench,  being  the  highest  portion  of 
the  plain.  The  other  was  in  the  center  of  a  shallow  basin,  towards  which 
there  was  a  gradual  slope  in  every  direction,  it  being  from  two  to  three 
feet  lower  than  the  trench  and  about  two  hundred  feet  away.  In  all  these 
pits  the  succession  of  strata  was  similar  to  those  in  the  main  trench,  with 
this  difference,  however,  that  the  reddish  clayey  bands  were  encountered 
several  inches  lower  tlown  in  the  center  of  the  basinlike  depression  than 
upon  the  higher  elevations.  This  effectually  disposes  of  the  theory  that 
the  slight  irregularities  In  the  surface  were  produced  by  wind  action.  If 
the  elevations  were  wind  accumulations  the  sand  would  be  thicker  there 
than  in  the  depressions,  but  the  opposite  was  the  case.  The  slight  irreg- 
ularities of  the  surface,  therefore,  are  the  result  of  original  water  depo- 
sition and  not  of  wind  action. 

Observations  upon  other  portions  of  the  delta  terrace  revealed  the  same 
condition  of  things.  In  the  gravel  pit  already  referred  to.  about  three 
hundred  yards  to  the  north,  the  succession  in  the  upper  three  or  four  feet 
exposed  is  substantially  the  same.  The  clayey  bands  are  distinctly  ap- 
parent, and  the  whole  structure  is  conformable.  In  this  pit  there  occurs, 
and  was  photographed  by  us,  a  thick  deposit  of  fine  sand  near  the  bot- 
tom, containing  thin  wavy  bands  of  stratified  clay,  very  similar  to  the 
upper  one  clescribed  in  our  main  trench.  Again,  about  a  mile  distant, 
toward  the  southeast,  near  the  park,  an  excellent  exposure  of  the  terrace 
shows  the  same  succession.  With  this,  also,  agrees  the  description  given 
by  Mr.  Yolk  of  his  explorations  on  the  same  terrace  in  1891,  at  a  point 
about  half  way  between  the  park  and  the  present  explorations.  (Sec 
Proceedings  of  the  A.  A.  A.  S.,  Vol.  XLII,  1894.)  In  describing  the 
strata,  he  says  :  *'  The  soil  in  this  place  consists  of  nine  inches  of  black 
or  subsoil,  tilled  land,  overlying  an  undisturbed  sandy  loam  composed  of 
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quartz  sand,  colored  by  iron  and  mixed  with  a  yellow  soil,  the  sediment 
of  muddy  water,  the  whole  having  a  light  yellow  color.  Three  feet  be- 
low the  surface  is  a  somewhat  uneven  stratum  of  red  clay  mixed  with 
sand.'* 

From  all  this  it  is  clear  that  this  deposit,  up  at  any  rate  to  the  upper 
line  of  reddish  clayey  band,  is  part  and  parcel  of  the  Trenton  gravel. 

A  most  natural  explanation  of  the  deposition  of  these  successive  strata 
of  sand  and  clayey  bands  is  at  hand  in  the  closing  floods  of  the  glacial 
period  which  confessedly  built  up  the  terrace  to  within  a  few  inches  of 
several  of  the  implements  found  in  place.  All  the  phenomena  can  easily 
be  accounted  for  by  the  forces  then  known  to  be  in  operation.  The  floods 
accompanying  the  close  of  that  stage  of  the  glacial  period  which  formed 
the  terminal  moraine  crossing  the  river  at  Belvidere  brought  down  the 
debri8  from  the  melting  ice  until  the  delta  terrace  was  built  up  to  a  height 
of  about  forty-seven  feet.  This,  all  readily  admit.  But  it  is  easy  to  see 
that  as  the  delta  grew  higher,  and  the  material  accessible  to  floods  dimin- 
ished, the  closing  deposits  would  consist  of  flner  material,  the  conditions 
being  somewhat  like  those  of  ordinary  flood-plains,  only  in  this  case  the 
forces  were  more  extraordinarily  variable  and  vast  in  their  proportions. 
In  the  last  stages  of  this  epoch  we  may  well  suppose  that  during  the 
months  of  July,  August  and  September  the  waters  running  over  this  delta 
terrace  were  occasionally  swollen  enormously,  though  the  elevation  over- 
flowed was  such  that  any  large  masses  of  boulder-laden  ice  were  pre- 
vented from  sweeping  over  it,  such  as  did  during  the  earlier  stages  of 
the  deposit.  These  floods  would  easily  distribute  large  quantities  of  sand 
along  the  edge  of  the  terrace  of  the  main  stream,  extending  back  for  an 
indeflnlte  distance  or  to  the  slightly  higher  deposits  that  had  previously 
been  made,  and  this  under  conditions  so  uniform  that  several  inches  might 
be  accumulated  without  signs  of  bedding.  On  the  subsidence  of  the 
floods  the  clayey  strata  would  naturally  accumulate,  as  shown  in  these 
deposits. 

But  how  did  the  implements  become  incorporated  in  the  strata?  By  a 
process  which  is  perfectly  natural  and  credible.  During  the  larger  part 
of  the  year,  when  the  melting  of  the  glacial  ice  was  proceeding  at  a  slow 
rate,  vast  bars  and  abandoned  channels  of  the  main  pebbly  deposits  of 
sand  and  gravel  would  be  exposed,  affording  to  the  aboriginal  inhabitants 
a  choice  field  for  procuring  argillite  boulders,  with  an  occasional  one  of 
quartz  or  jasper,  from  which  to  make  their  favorite  implements;  while 
the  conditions  connected  with  the  head  of  tide-water  doubtless  made  it 
then,  as  later,  a  favorite  hunting  and  fishing  ground.  Few  things  have 
ever  impressed  me  so  much  as  the  abundance  of  life  of  all  sorts  at  the 
head  of  the  inlets,  both  in  Alaska  and  Greenland,  into  which  large  glaciers 
pour  their  currents  of  ice-cold  water.  The  implements  and  chips  lost  by 
the  natives  on  these  temporarily  abandoned  stretches  of  gravel  and  sand 
bordering  the  main  current  are  the  ones  mingled  with  scattering  pebbles 
which  were  swept  into  their  present  position  upon  the  Lalor  farm  by  the 
subsequent  floods  of  the  season. 
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Bat  this  condition  of  tilings  did  not  remain  long.  After  the  flooded 
Delaiyare  ceased  to  receive  superabundant  glacial  debris  and  an  excessive 
supply  of  water  from  the  melting  ice  it  not  only  ceased  to  build  up  the 
terrace,  but  began  speedily  to  cut  and  enlarge  its  present  channel,  leaving 
the  surface  of  the  delta  terrace  forever  after  undisturbed  by  its  action. 
The  terrace  is  now  about  forty  feet  above  the  flood-plain.  Thus  we  have 
a  natural  and  perfectly  credible  method  for  accounting  for  the  phenomena 
in  question. 

It  Is,  however,  not  only  incumbent  to  provide  an  adequate  cause  for 
such  phenomena,  but  we  are  in  duty  bound  to  give  sound  reasons  for  ex- 
cluding other  hypotheses  which  may  be  supposed  to  account  for  the 
facts.  One  hypothesis  is  that  the  clay  band  No.  2  has  been  produced  by 
segregation,  and  so  may  have  been  formed  over  the  implements  found 
underneath  it,  since  their  deposition.  But  the  stratum  contains  only  a 
slight  amount  of  iron  in  excess  of  that  found  throughout  the  entire  sand 
deposit.  There  still  remains  the  excessive  amount  of  clay  which  char- 
acterizes the  stratum.  It  can  scarcely  be  possible  that  that  was  segre- 
gated over  so  extensive  an  area  after  the  whole  had  been  deposited. 
Besides  there  must  be  something  to  account  for  the  slight  excess  of  iron 
which  characterizes  the  red  stratum.  It  is  not  only  slightly  excessive  in 
amount  above  what  is  found  in  the  accompanying  sand,  but  is  different  in 
color ;  that  being  yellow  and  this  red. 

The  suggestion  that  this  clayey  stratum  No.  2  is  an  old  wind-blown 
surface  encounters  several  insuperable  objections. 

1.  Its  extent  and  uniformity  are  greater  than  could  be  obtained  by  a 
wind  accumulation. 

2.  It  contains  large  numbers  of  pebbles  too  great  for  removal  by 
winds.  As  already  mentioned,  one  of  these  was  several  inches  in  its 
longest  diameter,  and  many  were  over  an  inch  in  diameter.  To  the  sug- 
gestion that  these  may  have  been  brought  upon  the  surface  by  human 
agencies  at  the  same  time  that  the  chipped  flakes  were  lost.  It  can  be 
answered  that  many  of  these  were  too  small  to  have  offered  any  induce- 
ment to  anybody  to  have  brought  them  up  into  that  place,  and  they  are 
scattered  through  the  formation  so  uniformly  that  they  indicate  distribu- 
tion by  natural  agencies ;  while  their  occurrence  in  the  clayey  stratum 
points  to  water,  and  not  to  wind,  for  their  distribution.  Especially  sig- 
nificant were  the  two  or  three  small  pebbles  underneath  the  large  one 
which  lay  as  If  pressed  by  the  weight  of  the  larger  pebble  into  and 
almost  through  the  clayey  stratum. 

To  the  suggestion  that  these  pebbles  had  been  brought  up  from  the 
lower  strata  by  overturning  of  trees,  it  is  to  be  said  that  if  that  were  the 
case  it  must  have  been  before  the  formation  of  the  clayey  stratum,  since 
that  by  actual  observation  was  continuous  and  undisturbed  for  a  distance 
of  many  feet  on  either  side  of  many  of  these  pebbles. 

To  the  theory  which  would  account  for  the  Iron  in  the  stratum  through 
the  oxidation  of  the  vegetable  accumulation  occurring  upon  the  surface, 
it  is  to  be  replied  that  this  would  not  account  for  the  accumulation  of 
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clay,  bat  rather  it  needs  the  accumulation  of  claj  to  arrest  the  soluble 
iron  in  its  downward  progress.  Whatever  may  be  true  of  that  upper 
and  more  wary  film  of  reddish  material,  it  cannot  well  be  maintained 
that  stratum  No.  2  is  of  a  different  origin  from  that  of  the  thicker  strata 
8  and  4,  the  last  of  which  rests  directly  on  the  acknowledged  glacial 
gravel.  In  case  of  these  it  cannot  be  maintained  that  they  are  the  results 
of  a  progressive  oxidation  proceeding  from  the  surface  downwards,  since 
they  are  distinctly  separated  by  the  strata  of  yellow  sand.  There  must 
have  been  something  in  the  original  deposition  to  have  determined  the 
relation  of  these  differently  colored  strata  to  each  other,  and  that  orig- 
inal stratification  has  not  been  to  any  gi  eat  extent  disturbed  by  subsequent 
agencies. 

If  these  red  bands  are  the  results  of  oxidizing  agencies  connected  with 
vegetable  depoj^its,  they  must  still  be  placed  long  anterior  to  the  accumu- 
lation of  vegetable  mould  which  is  now  upon  the  surface;  for  in  many 
cases  Indian  pits  are  found  in  which  the  vegetable  mould  is  entirely  un- 
affected by  oxidizing  agencies ;  and,  as  this  farm  is  known  to  have  been 
occupied  by  the  whites  two  hundred  years,  we  have  a  partial  measure  of 
the  slowness  with  which  vegetable  matter  decomposes  in  this  soil. 

Furthermore,  if  the  action  of  tree  roots,  worms  and  other  small  ani- 
mals were  so  great  in  breaking  up  and  destroying  the  lines  of  stratifica- 
tion two  or  three  feet  below  the  surface,  as  some  have  supposed,  these 
clayey  strata  must  be  very  recent,  else  they  would  have  been  completely 
obliterated.  But  their  Integrity  is  a  complete  answer  to  the  theory  that 
the  soil  down  to  a  depth  of  four  feet  is  eve  17 where  necessarily  disturbed 
through  the  lapse  of  long  periods  of  time.  In  the  present  case  every  at- 
tempt to  account  for  the  clayey  strata  2,  8  and  4  otherwise  than  by  the 
agency  of  water  is  beset  with  insuperable  difficulties.  There  are  none 
of  the  marks  of  those  other  supposed  agencies  left  to  indicate  their 
activity.  Whereas,  with  the  acknowledged  fioods  of  water  rising  to 
within  a  few  inches  of  these  deposits,  it  is  easy  to  believe  in  the  exten- 
sion of  this  agency  in  building  up  the  deposits  of  the  superincumbent 
fifteen  inches.  If  any  one  denies  this  natural  and  easy  explanation  he  is 
bound  to  bring  forth  reasonable  evidence  to  the  contrary.  To  adduce 
complicated  hypotheses  involving  inadequate  and  unknown  causes,  of 
which  there  are  no  signs  present,  is  not  sufficient. 

The  evidence  that  the  implements  found  below  stratum  No.  2,  forty- 
one  inches  below  the  present  surface,  and  only  five  inches  above  the  action 
of  acknowledged  glacial  fioods,  belong  to  the  deposits  of  the  glacial 
floods,  is  sufficient,  I  believe,  to  convince  any  one  who  comprehends  all 
the  facts.  At  any  rate,  it  is  in  the  highest  degree  hazardous  to  assert 
that  the  problem  of  their  age  is  insoluble,  and  that  no  trustworthy  In- 
ference concerning  it  is  possible.  For  a  short  time  the  facts  can  remain 
open  for  the  observation  of  others.  Let  any  one  who  is  in  doubt  visit 
the  locality  and  see  for  himself. 

Professor  Libbey  of  Princeton  University  spent  the  afternoon  of  Sep- 
tember 14th  with  us  on  the  ground  when  all  the  exposures  were  open  for 
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inspection.  These  he  photographed  and  carefully  examined  with  refer- 
ence to  all  the  qnestions  involved.  In  respect  to  them  he  writes  as  fol- 
lows :  '*  Princeton,  September  20,  1897.  T  take  pleasure  in  putting  on 
record  my  opinion  with  reference  to  the  deposits  which  we  studied  to- 
gether last  week.  There  is  no  doubt  in  my  mind  as  to  the  origin  of  the 
deposits  in  which  the  various  implements  were  found.  The  lower  gravel 
layer  immediately  below  is  undoubtedly  due  to  water  action,  and  I  cannot 
believe  that  the  banded  region  composed  of  sand  heavily  mixed  with  clay 
could  have  been  laid  down  in  any  other  way  than  those  just  below.  Cer- 
tainly no  wind  action  can  ever  be  held  responsible  for  such  level  and  uni- 
form deposits  over  such  an  area,  but  it  might  rather  be  explained  by  a 
chanse  in  level  affecting  the  velocity  of  the  current — in  fact,  I  believe 
the  existence  of  this  bed  can  be  explained  only  in  this  way." 


Primitive  man  in  the  Delaware  valley.     By  Prof.  W.  H.  Holmes, 
U.  S.  National  Museum,  Washington,  D.  C. 

INTRODUCTORY. 

A  FEW  years  ago,  as  a  result  of  extended  explorations,  conducted  by 
the  Bureau  of  American  Ethnology,  questions  were  raised  with  reference 
to  the  soundness  of  the  then  existing  evidence  relating  to  glacial  man  in 
the  Eastern  States,  and  the  correctness  of  the  conclusions  drawn  from  it. 
Since  that  time,  until  quite  recently.  Investigation  has  progressed  slowly 
and  but  little  has  been  brought  forward  likely  to  change  the  status  of  the 
case.  Now,  however,  strong  claims  are  being  made  of  the  discovery  of 
new  and  confirmatory  evidence  of  antiquity,  and  discussion  is  Invited 
with  a  view  of  determining  Its  merits ;  but  before  taking  up  this  phase 
of  the  subject  it  is  desirable  that  the  earlier  phases  of  the  investigations 
be  passed  briefly  in  review. 

The  questions  raised  by  me  were  not  those  of  the  age  of  man  In  Amer- 
ica. I  have  always  taken  the  view  that  the  race  must  have  occupied  this 
continent  for  a  very  long  period.  Great  antiquity  Is  clearly  proved  by 
facts  derived  from  other  than  archseologlc  or  geologic  sources.  It  does 
not  require  argument  to  show  that  the  development  of  many  well  differ- 
entiated nations  and  tongues  means  a  prolonged  occupation.  It  does  not 
take  argument  to  demonstrate  the  proposition  that,  notwithstanding  the 
potent  Influence  of  local  environment  upon  human  art  and  effort,  a  thou- 
sand distinct  cultures  could  not  spring  up  In  a  day. 

The  only  questions  I  have  ventured  to  discuss  and  the  only  ones  that 
now  claim  my  attention  are  as  to  whether  the  evidence  already  brought 
forward  to  demonstrate  the  antiquity  of  man  on  the  Atlantic  slope  will 
stand  the  test  of  sclentlflc  scrutiny.  There  is  a  record  of  man  in  the 
valleys  and  among  the  hills  throughout  the  entire  country.  There  is  an 
importont  record  in  the  geological  formations  of  the  Delaware  vaUey. 
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Has  the  key  to  this  record  been  discovered?  Has  the  true  combination 
been  worked  out,  or  are  onr  pioneer  investigators  struggling  through  a 
phase  of  this  particular  research  corresponding  to  that  encountered  by 
the  predecessors  of  Champollion  in  the  reading  of  the  Egyptian  hiero- 
glyphs? The  earlier  readings  at  Trenton  seem  to  Indicate  possibly  three 
distinct  peoples  and  periods  of  occupation,  referred  to  by  some  as  paleo- 
lithic, Eskimo  and  Indian ;  but  are  we  sure  of  more  than  one  and  are  the 
others  mere  figments  of  the  Imagination?  Time  will  tell,  but  this  year  or 
the  next  may  not  finally  decide  It. 


THK  ALGONQUIAN  OCCUPATION. 

The  first  step  In  acquiring  a  knowledge  of  the  past  Is  to  seek  to  under- 
stand the  present.  An  acquaintance  with  the  historic  peoples  of  a  region 
is  the  best  key  to  the  prehistoric  peoples.  In  the  study  of  the  question 
at  Issue  in  the  Delaware  valley  correct  method  demands  that  we  look  first 
to  known  conditions  for  explanations  of  all  doubtful  phenomena.  The 
only  occupants  of  this  region  known  to  us  were  a  group  of  Indian  tribes 
of  what  has  come  to  be  known  as  the  Algonquian  stock.  The  history  of 
these  tribes,  as  dimly  shadowed  forth  by  tradition  and  archaeology,  ex- 
tends back  Indefinitely  Into  the  past.  They  were  found  by  the  whites 
living  In  villages,  cultivating  corn,  navigating  the  waters,  hunting,  fishing 
and  warring ;  weaving  simple  fabrics,  practising  the  potter's  art  in  Its 
most  primitive  form,  and  employing  stone  as  the  chief  material  for  im- 
plements and  weapons.  They  used  metal  to  a  very  limited  extent  and  em- 
ployed shell,  bone  and  wood  In  various  arts.  Their  culture  status  is 
made  clear  by  actual  observation  of  the  peoples  themselves,  as  well  as  by 
a  study  of  the  relics  of  many  village  sites  known  to  have  been  occupied 
by  them.  The  local  tribes,  the  Leni  Lenape,  had  relatives  of  like  culture 
extending  along  the  coast  from  Carolina  to  Maine  and  from  the  mouth  of 
the  St.  Lawrence  to  the  head  of  the  Great  Lakes.  They  had  neighbors 
of  other  stocks,  all  occupying  about  the  same  simple  level  of  neolithic 
culture.  Researches  long  continued  in  the  whole  vast  territory  occupied 
have  developed  no  definite  trace  of  other  people  or  other  conditions  of 
culture.  No  one  can  say  how  long  they  had  been  here  or  whence  they 
came,  but  their  coming  was  doubtless  long  ago.  Wandering  bands  pushed 
their  way  over  the  hills  or  along  the  shores  and  gradually  took  possession 
of  this  beautiful  region.  One  group,  known  to  us  as  the  Dela'wares,  oc- 
cupied the  Delaware  valley,  adopting  It  as  a  permanent  home.  Their 
dwellings  were  established  along  the  banks  of  the  rivers  and  creeks ;  they 
mnltlplled  and  spread,  and,  being  an  active  and  enterprising  race,  gradu- 
ally acquired  a  knowledge  of  the  resources  of  the  country,  and  especially 
of  the  varied  mineral  products,  which  were  of  the  utmost  Importance  to 
their  welfare.  On  local  sites  they  worked  the  varieties  of  stone  available 
for  Implements.  They  dug  them  out  of  the  loose  deposits  of  the  stream 
beds  and  bluffs.  They  advanced  Into  the  hills  and  mountains,  and  little 
by  little  discovered  the  deposits  of  desirable  rock  In  place,  and  quarried 
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deeply  into  the  bowels  of  the  earth.  The  work  of  search  and  explora- 
tion was  so  thorough  that  nothing  escaped  them,  and  the  archfeologist 
looks  with  amazement  on  the  still  existing  evidences  of  their  energy  in 
quarrying  argilUte,  jasper  and  soapstone. 

The  stones  available  to  such  a  people  in  the  earlier  periods  of  their  oc- 
cupation would  be  the  loose  cobbles  and  masses  of  the  rivers  and  bluffs. 
In  the  Trenton  region  the  only  material  well  fitted  for  flaking  —  the  chief 
shaping  process  of  the  early  days  —  was  argillite,  a  compact  slaty-looking 
rock  especially  plentiful  in  some  paits  of  ttie  glacial  gravels.     It  follows 
that  on  and  about  the  margins  of  the  glacial  terraces  flaking  at  first  dealt 
chiefly  with  this  material.    The  beds  of  argillite  found  In  place  farther 
up  the  vallt'y  would  next  be  utilized  and  later  the  flints  and  jaspers  of  the 
distant  uplands  would  be  discovered  and  used.    How  long  it  was  from 
the  time  of  the  flrst  occupation  to  the  period  of  complete  exploration  and 
utilization  of  resources  thus  outlined  no  one  can  guess.     It  may  have  been 
Ave  hundred  or  it  may  have  been  five  thousand  years.    During  this  pro- 
longed period  the  woric  of  shaping  stone  Implements  went  on.  The  raw  ma- 
terial was  sought  and  worked  up  with  a  persistence  and  energy  that  might 
almost  be  regarded  as  a  foreshadowing  of  the  vast  mining  and  manufac- 
turing industries  of  to-day.    The  knives,  scrapers,  drills,  projectile  points, 
etc. ,  the  implements  upon  which  everything  in  the  savage  economy  depend, 
were  roughed  out,  specialized  and  carried  away,  and  the  refuse  in  vast 
quantities,  consisting  of  flakes,  fragments  and  failures  representing  all 
stages  of  development,  was  left  upon  the  ground.    The  rejectage  must 
have  been  especially  plentiful  along  the  bluffls  at  Trenton,  -where  the  argil- 
lite was  found  in  the  shape  of  bowlders  and  partially  worn  masses,  and 
in  the  valleys  and  hills  above,  where  it  occurs  in  place.    The  rude  rejected 
forms  left  upon  these  sites  were  large  or  small,  long  or  short,  according 
to  the  shape  of  the  implement  made  and  the  nature  of  the  material  used. 
They  were  rough  or  well  developed  according  to  the  stage  of  the  shaping 
process  at  which  they  were  cast  aside.    No  type  of  flaked  stone  has  been 
found  in  the  whole  region  that  was  not  necessarily  produced  again  and 
again  and  for  centuries  along  the  banks  and  bluffs  of  the  Delaware  by 
these  historic  peoples,  and  in  the  course  of  years  and  geologic  mutation 
it  is  readily  seen  that  this  rejectage  of  implement-making  would  become 
intermingled  in  various  ways  with  the  superflcial  deposits  of  the  sites  of 
manufacture.    Every  bank  that  crumbled,  every  grave  dug,  every  palisade 
planted,  every  burrow  made,  every  root  that  penetrated  and  every  storm 
that  raged  took  part  in  the  work  of  intermingling  and  burial ;  and  follow- 
ing in  turn  came  the  resettling,  the  leeching-out  and  the  recementing  of 
these  deposits,  making  it  diflflcult  to  distinguish  the  old  from  the  new.    It 
follows,  therefore,  that  the  student  of  the  history  of  this  valley,  and  es- 
pecially of  that  part  of  it  recorded  in  the  soil  and  superficial  deposits, 
should  not  for  a  moment  lose  sight  of  these  conditions  and  events  of 
recent  and  comparatively  recent  history,  and  should  seek  first  to  explain 
all  phenomena  from  the  point  of  view  thus  afforded  before  conjuring  up 
shadowy  images  of  other  races. 
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INVESTIGATION  IN  THE  GLACIAL  GRAVKLS  PROPER. 

It  happened,  however,  that  before  the  investigntlon  of  the  phenomena 
referred  to  above  and  now  so  definitely  assigned  to  the  Algonqulan  peoples 
had  begnn  to  attract  the  attention  of  archaeologists  the  presence  of  other 
people  had  already  been  assumed.  Evidences  of  very  primitive  paleo- 
lithic races  had  been  associated  with  glacial  formations  abroad,  and  the 
glacial  deposits  of  the  Delaware  region  were  accordingly  searched  with 
the  hope  of  finding  similar  traces.  Uelics  of  art  were  soon  secured,  and 
as  they  were  rude  and  exclusively  of  flaked  stone  they  were  regarded  as 
supporting  the  theory  of  a  glacial  paleolithic  man.  A  large  body  of  evi- 
dence was  soon  accumulated  and  passed  into  literature  without  particular 
scrutiny. 

When,  finally,  this  subject  came  into  prominence  and  questions  began  to 
arise  as  to  the  determinations  made,  it  was  found  that  the  flaked  stones 
which  formed  the  exclusive  evidence  furnished,  though  rude  as  reported, 
were  not  of  special  or  peculiar  types,  such  as  seem  to  characterize  paleo- 
lithic times  abroad,  but  that  they  corresponded  in  every  particular  with  the 
ordinary  rude  work,  and  especially  with  the  rejectage  of  manufacture,  of 
the  Algonquian  and  other  American  tribes ;  and  it  happened  further  that 
they  were  found  along  the  very  bluff  faces  where  argillite  bowlders  out- 
cropped and  where  the  Indian  tribes  had  naturally  resorted  to  secure  the 
raw  material  and  block  out  their  implements ;  then  it  came  to  be  asl\ed 
whether  the  finds  had  really  been  made  in  the  true  gravels,  whether  they 
were  not  obtained  from  deposits  associated  with  the  gravels  but  not  be- 
longing, in  their  present  deposition,  to  the  glacial  age ;  such  deposits  as 
accumulate  in  depressions,  or  along  the  faces  of  blufls  and  banks  sub- 
ject to  crumbling  and  sliding.  When  later  it  was  realized  that  the  ques- 
tions involved,  the  nice  discriminations  to  be  made  in  collecting  this 
evidence,  were  really  geologic  rather  than  archaeologic  a  new  phase  of  the 
investigation  was  initiated  and  geologists  were  asked  to  participate  in  the 
examinations.  It  was  imperatively  demanded  that  the  gravel  should  be 
reexamined  and  the  evidence  sifted  and  placed  on  a  safe  footing.  In 
meeting  this  demand  for  reexamination  of  their  evidence,  the  advocates 
of  an  American  paleolithic  man  have  claimed  that  the  criticisms  made 
were  to  be  classed  with  those  encountered  by  Boucher  de  Perthes  when 
he  began  to  present  his  evidence  regarding  early  man  in  Europe;  that 
such  criticisms  meet  every  advance  of  thought.  But  the  cases  are  by  no 
means  paraUel.  The  discoveries  of  Boucher  were  not  acceptable  because 
of  their  revolutionary  character  with  respect  to  accepted  beliefs.  On  the 
other  hand,  the  Trenton  determinations  were  popular  and  almost  univer- 
sally accepted  as  final  until  attention  was  called  to  the  true  nature  of  the 
objects  found,  and  especially  to  the  unsatisfactory  methods  pursued  in 
collecting  evidence.  The  climax  came  when  it  was  understood  that  the 
advocates  of  a  glacial  paleolithic  man  were  gathering  all  classes  of  rudely 
flaked  stones  from  the  surface  of  the  country  generally  (entirely  disre- 
garding an  Indian  occupation)  and  employing  them  to  establish  a  peculiar 
theoretic  culture  for  America. 
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It  was  not  conservatism,  and  especially  it  was  not  conservatism  in  reli- 
gions thought,  that  led  such  men  as  Powell,  Brinton,  McGee,  Chamberlin, 
Salisbury,  Mercer,  Mason,  and  others  intimately  acquainted  with  the  field 
of  Investigation  seriously  to  question  the  methods  and  the  evidence.  The 
charge  of  conservatism  must  rather  be  urged  against  those  students  who 
have  held  to  their  original  views  and  especially  against  such  scholars  as 
Topinard,  Boul6  and  Keane,  who  accept  without  serious  scrutiny  any  evi- 
dence that  tends  to  confirm  accepted  theories  with  respect  to  a  uniform 
history  of  the  race  on  both  sides  of  the  Atlantic. 

Fortunately  opportunities  for  a  reexamination  of  the  evidence  have 
arisen  in  several  cases.  The  principal  discoveries  of  shaped  stones  at- 
tributed to  the  gravels  were  made  in  the  slope  of  the  bluff  facing  the 
river  at  Trenton  (^A  in  the  section,  Fig.  1)  and  in  the  banks  of  Assanpink 
Creek  at  the  point  where  the  Pennsylvania  railway  makes  its  way  from 
the  station  near  the  creek  level  to  the  terrace  above  (B  in  the  section). 
Finds  continued  to  be  made  in  the  crumbling  river  bank  at  A  until  accu- 
mulating city  refuse  covered  up  the  deposits. 

They  ceased  to  be  made  in  the  creek  banks  at  J?  as  soon  as  the  cutting 
extended  fairly  into  the  gravels  in  place;  and  when,  in  1889, 1  asked  the 
principal  explorer  of  this  locality  why  the  finds  had  ceased,  he  replied 
that  when  the  railway  cutting  was  made  the  excavations  were  carried  up 
through  a  depression  that  must  have  been  an  old  stream  bed,  and  that  the 
finds  were  in  the  filling  of  this  channel.  I  do  not  think  he  understood  the 
significance  of  the  admission,  but  the  statement  must  have  been  true,  as 
nothing  whatever  is  to  be  found  in  the  present  excellent  exposures  of  the 
true  ji^ravels.  The  position  of  his  finds  is  indicated  at  d  on  the  dotted 
original  profile  in  the  section,  and  the  present  utterly  barren  exposures, 
half  a  mile  or  more  in  length,  are  indicated  at  e. 

Identical  results  have  been  reached  on  the  river  front  A.  In  1892  a 
great  sewer  trench,  (7,  83  feet  deep,  was  cut,  parallel  with  the  river  bank, 
at  the  very  point  where  so  many  shaped  stones  had  formerly  been  found. 
Though  we  kept  ap  the  search  in  this  trench  for  five  weeks  as  the  work 
of  excavation  went  on  —  the  whole  body  of  gravel  being  subjected  to 
rigid  examination  —  not  a  chip  was  found,  not  a  trace  of  man.  No  other 
examination  has  been  made  that  compares  with  this  for  thoroughness  and 
length  of  time  involved.  The  evidence  thus  furnished  has  been  spoken 
of  as  negative  and  hence  as  unsatisfactory,  but,  in  the  continued  absence 
of  finds  of  implements  at  this  and  other  points,  it  seems  positive  and  con- 
vincing. The  conclusion  reached  Is  that  there  must  have  been  an  error 
in  the  observations  that  could  produce  hundreds  of  flaked  stones  from 
obscure  or  partial  outcrops  at  a  given  spot  in  a  crumbling  bank  when  not 
a  trace  can  be  found  at  the  same  point  when  the  beds  are  fully  exposed. 

Geologists  will  be  interested  in  seeing  the  detailed  section  (Fig.  2)  made 
by  my  assistant  in  the  trench.  It  tells  the  story  of  the  deposits  better 
than  any  other  section  that  has  been  or  probably  ever  will  be  made. 

Considering  the  foregoing  facts,  it  may  be  regarded  as  substantially 
proved  that  the  glacial  gravels  proper  contain  no  relics  of  art,  and  it 
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would  appear  that  now  very  few  persons,  indeed,  expect  them  to  yteld 
any  evidence  whatever  on  the  subject  of  human  occupation.  Five  years 
have  passed  since  the  earlier  observations  and  finds  were  challenged,  and 
in  that  time,  so  far  as  I  have  learned,  no  single  implement  has  been  re- 
ported from  the  gravels,  although  the  exposures  are  as  extensive  as  they 
ever  were.  The  first  chapter  In  the  prolonged  search  for  glacial  man  at 
Trenton  may,  therefore,  be  regarded  as  practically  closed;  but  some  new 
evidence  furnished  by  examination  of  certain  superficial  deposits  of  sand 
come  up  for  consideration.  My  remarks  upon  this  subject  will  appear  in 
a  future  number  of  Science. 


A  NEW    mVKSTIOATION    OF    BfAN'S    ANTIQUrTY    AT    TrENTON.      By    H.    C. 

Mercer,  Doylestown,  Pa. 

A  RENEWED  search  for  evidence  of  glacial  man  at  Trenton  induced  Pro- 
fessors G.  F.  Wright  and  Arthur  Hollick,  Messrs.  H.  B.  Knmmell  and  G. 
K.  Enapp,  of  the  New  Jersey  Geological  Survey,  and  myself,  on  June  25, 
26,  27  and  28,  1897,  to  explore  a  site  on  the  summit  of  the  glacial  gravel 
terrace  at  Trenton,  where  Mr.  Ernest  Volk  ^  has  alleged  the  discovery  of 
artificial  argillite  fiakes,  and  other  relics  of  human  handiwork,  in  a  yellow 
sand  of  supposed  glacial  age  under  a  surface  loam  stratum  indicating  In- 
dian occupancy. 

The  interesting  site,  a  study  of  which  might  quickly  decide  the  much 
vexed  question  of  man's  antiquity  in  Eastern  North  America,  occupied  a 
part  of  the  cultivated  farmland  upon  the  extended  summit  of  a  bluff  on  the 
left  Delaware  bank,  about  a  mile  below  the  city  limits  of  Trenton.  With- 
in the  reserve  '^  of  a  large  cornfield,  we  stood  on  the  brink  of  a  compara- 
tively level  area  of  ancient  river  washed  gravel,  produced,  according  to 
geologists,  by  the  depositing  agency  of  extensive  freshets  in  the  Delaware 
caused  by  the  melting  of  the  great  glacier  from  ten  to  thirty  thousand 
years  ago.  At  a  height  of  about  fifty  feet  above  the  common  water  level 
we  looked  around  a  projecting  promontory  of  the  terrace,  at  the  river, 
which,  distant  about  one  mile  to  the  southeastward,  wound  through  the 
swampy  bottoms  below.  These  lowlands  extending  from  the  margin  of 
the  stream  to  the  base  of  the  bluff  and,  widening  at  this  point  where  the 
latter  receded  from  the  river,  were  subject  to  frequent  inundations ;  but 
our  foothold  on  the  bluff  top,  though  itself  originally  constructed  by  the 
river,  was  now  out  of  reach  of  the  highest  freshet  by  about]  thirty-five 
feet. 

» Working  under  the  direction  of  ProfesBor  F.  W.  Putnam  for  the  New  York  Mu. 
eeum  of  Natural  History,  Mr.  Ernest  Volk  was  generally  present  at  the  digging  and 
hospitably  offered  us  every  assistance,  being  seconded  by  the  kindness  of  the  owners 
of  the  property,  the  Misses  Lalor,  who  generously  placed  their  land  at  our  disposal. 
Dr.  Charles  C.  Abbott  was  continually  present,  and  Dr.  Harrison  Allen,  of  the  Acad- 
emy of  Natural  Sciences,  of  Philadelphia,  visited  the  trenches  on  Sunday,  June  t7th. 

*  Kindly  reserved  for  our  use  by  the  Misses  Lalor,  owners  of  the  property,  for 
whose  generous  hospitality  we  herewith  return  our  tlianks. 


Fir..  I. 


Fig.  1.  —  View  of  face  of  Trench  A»  showing  Arglllite  specimen  (see 
middle  right-hand  specimen  in  Fig.  3,  Professor  Hollick's  paper)  resting 
in  place,  20  inches  down,  in  the  yellow  sand  at  base  of  the  rule.  The  trowel 
scratch  marks  tlie  position  of  the  film  of  stratification  just  above  the  spec- 
imen. The  lower  scratches  mark  the  thickening  of  these  films  at  the  base 
of  the  yellow  sand  From  surface  to  trowel,  Layer  1  (Indian),  ten  inches 
to  one  foot.  From  trowel  to  series  of  scratches.  Layer  2,  yellow  sand, 
relic  bearing,  eighteen  inches  to  two  feet  Below  scratches  coarse  sand 
and  gravel,  non-relic  bearing.  Specimen  photographed  In  place  June  26, 
1897,  by  Ernest  Volk,  In  presence  of  G.  F.  Wright,  H.  B.  Kuinmel,  C.  C. 
Abbott  and  H.  C.  Mercer. 
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Whatever  objects  therefore  might  be  discovered  by  excavation  on  the 
high  level  of  the  blnff  top,  after  penetrating  its  superficially  disturbed  soils, 
might  be  suspected  to  pertain  to  the  glacial  bedding  of  the  site,  and  to  par- 
take therefore  of  the  antiquity  of  the  latter. 

With  much  interest  in  view  of  the  discoveries  of  Mr.  Volk,  our  party 
caused  trenches  to  be  dug>t  various  points  at  the  spot  in  question  over  an 
area  90  feet  long,  and  33  feet  broad.* 

The  excavations,  exhibiting  against  their  freshly  dug  sides,  the  upper 
construction  of  jthe  bluflT,  revealed  clearly  the  following  layers  :— 

Layer  1, 

(10  inches  to  1  foot.) 

A  discolored  surface  loam,  disturbed  by  recent  cultivation,  mixed  with 
the  remains  of  the  Indian  and  white  man.    It  contained : 

Specimens. 
Blocked-out  blades,  argllllte  .....  3 
Blocked-out  blades,  chert  .....  2 
Argillite  blade,  long,  narrow  (spear  form)  ...  1 
Arrowhead,  broken,  Jasper  .....  2 
Arrowhead,  broken,  chert  .....  1 
Hammerstone,  pebble,  fragment  ....  1 
Animal  bones,  with  large  scapula,  probably  Elk  splintered  limb 

bones  and  bone  of  a  bird    .  .  .22 

Mussel  shell  (Unlo)  fragments  ....         6 

Pebbles,  probably  fire-cracked  .  .  .131 

Teshoa,  or  pebblejflake,  scraper?  ....  1 
Argillite  flakes,  probably  artificial,  generally  with  green  patina  19 
Chert  fiakes,  probably  artificial  .11 

Jasper  fiakes,  probably  artificial  ....         5 

Stone  (unidentified)  flakes,  probably  artificial  6 

Quartz  and  quartzite  fragments  ....         5 

Potsherds,  Indian* (8  found  together)  ...         9 

Pebbles  un worked ;  size,  from  that  of  robin's  egg  to  goose  e^^ ; 

largest  4  in.  In  diameter    .....       55 

Miscellaneous  stones,  mostly  pebble  fragments  103 

Oyster  shell        .......         1 

Cinder  fragment  ......         1 

Anthracite  coal  fragments        .....         2 

Glazed  potsherds  ......         2 

Brick  fragment  ......         1 

The  objects  thus  disclosed  sufQciently  characterized  Layer  1  as  a  layer 
representing  a  site  of  Indian  occupancy,  one  of  the  familiar  superficial 
riverside  towns  or  camps  of  the  North  American  aborigines.     As  usual  at 

HTrench  A,  21|  ft.  by  3}  ft.  by  8  ft.  S  In.  deep ;  B,  7}  ft.  by  4\  ft.  by  S  ft.  S  In.  deep;  C» 
6  ft  by 6  ft.  by  2  ft.  8  in.  deep;  D,  4i  ft.  by  44  ft.  by  3  ft.  8  In.  deep,  well  upon  the  flat 
samtnlt  of  the  terrace,  with  Trench  D,  about  80  ft.  from  the  outer  brink.) 
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such  spots  objects  of  white  man's  make,  or  use  such  as  glazed  potsherds 
and  fragments  of  brick  and  cinder  had  become  plowed  into  or  otherwise 
mixed  with  the  blackened  earth  and  Indian  rubbish.  This  latter  consisted 
of  the  usual  worked  pebbles,  mussel  shells,  arrowheads,  bhides  and  chips  of 
chert,  argillite  and  jasper,  Indian  potsherds  and  animal  and  bird  bones 
(rare  through  decomposition  at  other  riparian  sites)  buried  at  the  usual 
depth,  mixed  in  the  usual  proportion,  and  showing  the  usual  amount  of 
decomposition.  The  mixture  was  indistinguishable  from  the  refuse  char- 
acteristic of  other  village  sites  on  the  river,  such  as  those  examined  by 
me  at  Fry's  Run,  Gallow's  Run,  Ridge's  Island  and  Lower  Black's  Eddy. 
One  thing  was  clear,  the  riparian  Indian,  presumably  the  Lenni  Lenape, 
or  their  kin,  last  owners  of  the  soil,  had  for  a  considerable  time  before 
their  expulsion  from  the  valley  in  1737  made  use  of  the  bluff  top  as  a  camp- 
ing site. 

But  the  zone  of  interest  lay  below  this  rubbish.  Under  Layer  I,  and  as 
the  chief  centre  of  observation,  rested 

Layer  2, 
(18  Inches  to  2  feet.) 

It  was  composed  of  a  fine  yellow  sand  (easily  distinguished  from  the 
dark  color  of  Layer  1  above  it),  streaked  towards  its  lower  portion  with 
flue  irregular  films  of  reddish  sandy  clay  which  thickened  and  coalesced  at 
the  bottom  into  a  distinct  harder  red  band. 

Advancing  slowly  into  Layer  2  with  trowels  against  the  sides  of  the 
trenches  wliere  the  stratification  had  been  exposed  in  vertical  section,  we 
pulled  out  one  by  one  the  pebbles,  broken  stones  and  artificial  chips,  etc., 
described  below ;  giving  special  attention  to  the  large  pebbles  and  the  chips 
most  artificial  in  appearance,  calling  the  attention  of  all  our  coUeagaes  to 
each  large  object,  when  it  first  clinked  against  the  trowel's  edge,  so  that 
its  depth  could  be  measured  and  its  position  with  reference  to  the  clay 
films,  observed  by  us  all  before  its  removal. 

The  objects  thus  found  (after  discarding  those  resting  in  the  upper  part 
of  the  layer  for  about  four  inches  below  the  bottom  of  Layer  1  as  pertain- 
ing to  what  we  called  the  zone  of  doubt)  were  as  follows : 


ARTIFICIAL   FLAKES. 

Note.— The  numbers  in  Inches  after  the  specimens  indicate  the  depth  in  Layer  S 
below  the  zone  of  doubt,  the  letters  the  trench  referred  to. 

Number  of 

Specimens. 

Jasper,  10  in.      . 

Jasper,  12  in.      . 

Quartz,  4  in.       . 

Argillite  green  patina,  6i  in.    . 

Sandstone  or  argillite,  2^  in.    . 

Argillite  lying  flat,  3|  in. 


Fig.  2. 


Fig.  2.  Artiflcial  chert  specimen  (see  also  upper  right-hand  specimen, 
Fij^.  3),  photographed  as  found  in  place  in  the  yellow  sand.  The  trowel 
scratches  show  the  line  of  Alms  of  stratification  above  and  below  the 
object.  The  dark,  deep  scratch  marlcs  bottom  of  Layer  1  (Indian),  10 
Inches  to  1  foot.  Therefrom  the  yellow  sand,  Layer  2,  extends  downward. 
Photographed  by  Mr.  Volk  in  the  presence  of  Professor  Wright,  Dr. 
Ilollick  and  Mr.  Mercer. 
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Number  of 
Specimene. 

Arglllite,  7  in.     .  .  .  .1 

Jasper,  12  in.      .  .1 

Argillite,  20  in.  specimen  If  in.  wide^  \  in.  thicks  Trench  A 
2  in,  resting  on  its  side  helow  a  thin  film  of  reddish  clay.  The 
film  waved  from  one  side  of  the  trench  to  the  other  over  the 
specimen^  becoming  slightly  thinner  and  fainter  directly  above 
itt  though  vnthout  shovoing  signs  of  break.  Photographed  in 
place  20  in.    See  Figs.  1  and  3        .  .  .  .1 

Argillite  green  patina,  about  1  in.  in  diameter,  possibly  arti- 
ficial, resting  exactly  in  line  of  clay  film,  12  in.     .  1 
Quartzite,  possibly  artificial,  8  in.        ....         2 
Chert  {resting  indubitably  in  films  of  sandy  clay.     Trench  B. 
Photographed  in  place^  signed  0.  F,  Wright,  Arthur  Hollick^ 
n.  C.  Mercer).    See  Figs.  2  and  3  (in  Dr.  Hollick's  paper), 

12  in 1 

Flakes,  arglllite,  small  belo-w  clay  film,  Trench  B,  14  in.     .         1 
Qnartz,  Trench  B,  8  in.  .  .  .  .2 

Quartzite  pebble  fiake,  10  in.     .  .  .  .1 

Arglllite,  possibly  artificial,  C,  12  in.  .1 

Quartzite,  possibly  artificial,  C,  10  in.  .1 

Jasper,  possibly  artificial,  C,  6  In.       .  1 

Arglllite,  possibly  artificial,  C,  very  small  piece,  2i  in.        .         1 
Chert  from  pebble,  6  in.  .  .  .  .  .1 

Arglllite,  possibly  artificial,  3  in.  long  by  1}  wide,  green  pa- 
tina under  a  very  distinct  film  of  reddish   sandy  clay. 
Trench  C,  19  in.  .  .  .1 

Arglllite,  possibly  artificial,  exactly  In  line  of  heavy  red  film 

and  6  in.  below  fainter  film,  C,  16  in.  .  1 

Quartz  possibly,  D,  6  In.  .  .  1 

Chert  from  pebble,  6  in.  .  .  .1 

Arglllite,  probably  artificial,  bedded  in  filmings  of  reddish 
sandy  clay  not  immediately  overlaid  by  a  continuous  film, 
but  rather  by  faint  reddish  broken  streaks,  D,  15  In.  1 

Arglllite  patinated,  2|  in.  long,  H  in.  wide,  U  in.  thick,  prob- 
ably artificial,  resting  in  series  of  clay  films  less  clearly 
marked  than  in  the  other  trenches,  but  nevertheless  extend- 
ing over  the  specimen  in  a  series  of  blotches,  D,  16  in.     .         1 
Arglllite  piece,  possibly  artificial,  on  film,  15  in.        .  .1 

Arglllite  piece,  possibly  artificial,  in  C,  12  in.  .1 

Total 80 

ANTHRACrnS     COAL. 

Small  fragment  size  of  hazelnut,  below  zone  of  doubt.  In  ye^ 
low  sand  ...... 

Anthracite  coal,  small  piece  size  of  hazelnut,  C,  Si  in. 

Total      .....  2 
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ROOTS. 

In  all  the  trenches,  varions  sizes  from  fine  rootlets^to  size  of 
middle  finger,  various  depths. 

Number  of 
Specimens. 

PEBBLE,     USED. 


Battered  on  end,  6  in. 
Total 


PEBBLES,     UNUSED. 

Depth,  9  in.         .......         1 

Largest,  size  of  pigeon  egg;  smallest,  size  of  pea  (various 
depths)  .......       75 

2  in.  below  red  film,  under  which  chipped  argillite  was  found 
lying  flat,  16  in.  .  .  .  .  .1 

Large,  pebble  resting  directly  upon  clay  film,  17  in.,  Si  in. 

long,  4|  in.  wide  at  widest,  2i  in.  thick      ...         1 
Flat,  16  in.  .  .  .  .1 

Large,  in  Trench  A,  15  in.        .  .  .  .         1 

H  in.  in  diameter,  4  in.  under  film  ...         1 

18  in. 1 

Under  film,  16  in.        .  .  .  .  .  .1 

Unused,  large,  in  film,  16  In.    .  1 

Small,  16  in 2 

Small,  16  In.        .  .  .  .  .3 

Most  of  the  pebbles  saved  from  1  In.  to  2  in.  in  diameter. 

Large,  about  4  in.  in  diameter,  broken,  showing  on  one  side, 

according  to  Mr.  Kummel,  facets  of  wind  erosion,  in  film, 

14  In 1 

Weathered,  2|  in.  long,  2  in.  wide,  U  in.  thick, 'resting  below 

a  distinct  film  and  above  another,  17  in. 
2i  in.  long  on  film,  16  in. 
8  in.  In  diameter,  Trench  D,  6  in.  on  film 

1  in.  in  diameter,  on  film,  18  in. 
On  film,  18  in.     . 

Size  of  large  chestnut  on  film,  20  in. 
Smaller  below  film,  14  in. 
Hazelnut  size,  14  in.       . 
Unused,  8i  in.  long,  2i  in.  wide,  I  in.  thick 
Various  depths  ......       2' 

Various  depths.  Trench  B        .  .  .64 

Various  depths.  Trench  C        .  .  .26 

Lower  part  of  stratum,  various  depths  .16 

2  in.  long,  H  in.  wide,  near  three  smaller  pebbles 


\ 

1 

\ 

li       9^    #' 

Fig.  3. 


Fig.  3.  Weathered  pebble,  artificial  flake  of  chert  and  flakes  of  argil- 
lite,  described  in  the  text,  except  one  on  the  upper  left-hand  corner,  found 
at  significant  depths  in  the  yellow  sand,  sometimes  upon  or  under  filmlngs 
of  stratification,  by  Professor  Wright  and  Dr.  Hollick,  Professor  Smock, 
Messrs.  H.  B.  Ktimmel,  G.  N.  Knapp  and  H.  C.  Mercer. 
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Number  of 
Specimens. 

1 


2  in.  below  red  film,  16  in.        . 
(Large,  H  in.  long,  5i  in.  broad,  3  in.  at  thickest,  broken,  up- 
per side  roughened  but  not  certainly  wind-worn,  C,  16  in.)      1 
D,  various  depths  ......       18 


ToUl 


254 


PEBBLES,  FRACTURED. 

2in.          .                                                           .            .            .  1 

4in.          .                                   .                       .            .            .  1 

9in.          .            .            .            .            .            .            .            .  1 

Small  fragment.  Trench  B,  9  in.          .                       *.           .  1 

Small  piece,  probably  broken  by  Are,  5  in.    .            .  1 

In  connection  with  black  streak  extending  down  from  surface  2 
Small  piece,  2  in.                       .                       .           .           .1 

Total 8 


MISCELLANEOUS  STONES.      PROBABLY  NOT  ABTITICIAL. 

Flat  sandstone  fragment,  18  in. 

Jasper  (?)  fragment,  10  in. 

Quartzite  (?)  fragment,  18  in. 

ArglUite  (?),  13in. 

Unidentified  piece,  6  in. 

Flat  stone,  possibly  chip,  12  in. 

ArgiUite  piece,  vertical  position,  6  in. 

Argillite  piece,  7  in.       . 

Quartz  piece,  flat,  4  in. 

Argillite  piece,  flat,  1^  In. 

Sandstone  fragment,  4  in. 

Shale  piece,  2i  in.  . 

Quartz  fragment,  2i  in. 

Red  shale  fragment  close  under  faint  red  clay  fllm,  18  in. 

Argillite  chip,  12  in.      . 

Shale  fragment,  8  in.  diameter,  18  in. 

Argillite  fragment.  Trench  C,  10  in. 

Quartz,  depth  not  marked 

Quartzite  fragment,  6  in. 

Argillite  fragment,  6^  In. 

Total 


ANT  OALLEROES. 


About  size  of  string-bean  pod,  not  so  long,  1  in.  below  Irreg- 
ular fllmings,  penetrating  fllm  by  narrow  hole,  size  of  tim- 
othy grass,  D,  16  in. 
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Number  of 
Specimens. 

Size  of  lima  bean,  under  clay  film,  just  above  which  is  another 
similar  gallery,  containing  eggs,  Trench  D,  22  in.  .         1 

i  in.  horizontal  diameter,  k  in.  rertical,  li  in.  below  middle 
film,  followed  Inward  and  lost  without  tracing  upward 
through  film.  Trench  B,  11  In.  .  .  1 

Totol       ......         3 

In  the  study  of  these  interesting  facts,  the  position  of  this  comparatively 
clean  stratified  yellow  sand,  which  we  have  called  Layer  2,  first  and  last 
demanded  our  attention.  Resting  immediately  upon  an  unquestioned  de- 
posit of  the  Trenton  glacial  gravel,  and  immediately  under  the  familiar 
culture  layer  of  the  Indian  how  were  we  to  explain  its  construction  and 
gauge  its  antiquity  ?  How  were  we  further  to  account  for  the  existence 
in  it  of  a  series  of  objects,  betokening  human  agency,  challenging  atten- 
tion at  various  depths,  and  scattered  without  sign  of  collocation?  Did  the 
man-made  objects  in  the  sand  and  those  in  Layer  1  above  the  sand,  pertain 
to  the  same  epoch  and  refer  to  the  same  manufacturer?  Were  we  dealing 
with  two  human  culture  layers  or  with  only  one?  Was  the  sand,  strati- 
fied  though  it  appeared,  after  all  of  recent  deposition?  Or,  if  ancient,  had 
the  objects  found  in  it  intruded  themselves  into  it  from  the  superficial 
Layer  1  in  modern  times?  These  were  the  questions  that  exercised  us  as 
one  by  one  we  removed  the  specimens  in  Layer  2  from  their  resting  place. 
After  considering  the  various  possibilities  suggested  in  a  summing  up  of 
the  evidence  above  cited  I  reached  the  following 

CONCLUSION. 

Fifty  stone  fiakes  mostly  man-made,  not  of  argillite  alone,  as  we  had 
been  led  to  expect,  but  of  argillite,  chert,  jasper  and  quartz,  one  battered 
pebble  and  two  fragments  of  anthracite  coal,  thus  positively  found  in  the 
much  discussed  stratum  of  yellow  sand  which  we  have  called  Layer  2,  pre- 
sent us  with  interesting  evidence  as  to  the  relation  of  the  sand  stratum  to 
man ;  while  in  the  further  presence  of  twenty-three  miscellaneous  stones, 
and  two  hundred  and  fifty-four  water  rolled  pebbles,  ranging  in  magnitude 
from  the  size  of  a  chestnut  to  that  of  an  ostrich  egg.  we  are  confronted 
with  interesting  considerations  as  to  the  deposition  of  the  sand,  whether 
by  wind  or  water. 

The  antiquity  of  man,  at  the  site  judfi:ed  by  these  observations,  depends 
on  three  questions : 

1.  Are  the  significant  chips  in  the  yellow  sand  artificial  ?  To  which  my 
experience  answers,  yes. 

2.  Are  they  in  situ  in  the  yellow  sand  ?  To  this  I  would  say  that  the  no- 
tion of  the  intrusion  of  objects  from  the  Indian  surface  layer  above  (Layer 
1),  down  and  into  the  sand  below  (Layer  2),  is  suggested  to  me  for  the 
following  reasons :  Because  the  deepest  artificial  specimen  in  the  yellow 
sand  (Layer  2)  rested  not  over  three  feet  below  the  surface ;  because  the 
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range  of  stone  chips  (argillite,  Jasper  and  quartz)  and  fractured  pebbles 
was  identical  in  the  yellow  sand  (Layer  2),  and  the  Indian  layer  (Layer 
1),  and  showed  thickest  under  the  latter,  growing  thinner  downward; 
because  argilUte  chips  identical  in  character  and  equally  decomposed  and 
patlnated  occurred  In  both  layers ;  because  two  pieces  of  anthracite  coal 
were  found  in  the  upper  part  of  the  sand  (Layer  2) ,  and,  lastly,  because 
the  artifacts  were  scattered  at  irregular  depths  in  the  sand  (Layer  2),  no- 
where suggesting  by  their  collocation  a  floor  of  occupancy  or  workshop 
abandoned  by  primitive  man. 

On  the  other  hand,  neither  the  shallow  depths  of  the  objects  nor  the 
closeness  of  the  layers  exceeded  conditions  known  to  archeology  where 
divergent  culture  epochs  had  been  found  to  rest  closely  one  upon  another. 
And  while  no  potsherd  or  bone  was  found  below  (in  Layer  2),  the  similar- 
ity of  the  stones  used  where  the  blade  material  (Ingredient  to  glacial  gi'av- 
el)  had  continually  remained  the  same  failed  to  overwelgh  the  probability 
of  antiquity  as  to  the  specimens  from  the  lower  layer.  Coal  fragments 
not  uncommon  in  the  alluvium  of  the  Delaware,  whose  trough  traverses 
coal  beds  near  Mauch  Chunk,  had  been  found  by  me  in  an  underplaced  In- 
dian village  layer,  probably  pre-Columbian,  at  Upper  Black's  Eddy,*  so 
that  the  presence  of  two  small  pieces  in  Layer  2  offered  no  demonstration 
of  the  modern  intervention  of  white  men  In  the  construction  of  the  layer. 
Furthermore,  the  observed  position  of  roots  and  the  study  of  small  ant 
galleries  failed  reasonably  to  account  for  the  site  of  the  chips  in  Layer  2, 
whose  position  in  several  cases  beneath  well  observed  and  unbroken  Alms 
of  stratiflcatlon  remained  the  most  important  fact  in  the  evidence. 

When  all  was  considered  I  was  forced  to  conclude  that  a  significant  num- 
ber of  artificial  chips  rested  in  situ  in  the  sand,  and  hence  were  of  an  age 
antedating  Its  deposition. 

Here  again,  as  at  the  underplaced  layer  at  Lower  Black's  Eddy,  we  were 
confronted  by  two  thin  strata  of  human  occupancy,  resting  one  upon  the 
other,  but  separated  from  each  other  by  an  interval  of  time  as  yet  unmeas- 
ured. 

Antedating  the  familiar  Indian,  preceding  ihe  birth  of  the  known  ripar- 
ian forest  as  indicated  by  the  superficial  blackness  of  its  plant-stained  loam, 
the  immediately  underplaced  yellow  sand  Layer  2,  close  beneath  the  sur- 
face as  it  lay,  testified  to  the  previous  presence  of  a  chipper  of  argillite, 
jasper  and  chert,  and  a  bruiser  of  pebbles,  upon  the  surface  of  the  bluff. 
As  before  remarked,  the  bones  of  animals  and  pottery,  characteristic  of 
the  upper  layer,  were  absent  in  the  lower ;  otherwise,  no  marked  differ- 
ence appeared  in  the  kind  of  stones  used,  their  patina,  or  mode  of  fracture. 

From  the  evidence  previously  produced  by  the  more  notable  explora- 
tions of  the  Trenton  site,  the  present  testimony  differs  in  several  particu- 
lars.   The  shallow  zone  of  discovery,  ceasing  at  about  three  feet  below 

1  See  researches  apon  the  antiquity  of  man  In  the  Delaware  Valley  and  the  eastern 
United  States.  Publication  of  the  University  of  Pennsylvania,  Vol.  VI,  p.  78.  61  nn 
A  Co.,  Boston.    1897.    F.  K.  Swain,  Doylestown,  Pa. 
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the  surface,  failed  to  encroach  upoa  the  region  (10,  20  and  30  feet  deep  in 
the  immediately  underplaced  gravel)  alleged  as  the  horizon  of  previously 
excavated  human  relics.  No  series  of  ovate  blades  resembling  the  drift 
specimens  of  France  and  England  appeared  as  In  previous  years,  to  out- 
classify  all  other  objects ;  while  the  contention  (unreasonably  overvalued 
in  our  opinion)  in  favor  of  the  absence  of  jasper  in  earlier  human  horizons 
was  not  sustained  by  our  discoveries.  Nevertheless,  the  existence  of  man 
upon  the  bluff  top  under  topographical  conditions  differing  from  those  of 
the  present  had  to  be  admitted. 

This  granted,  however,  the  question  of  human  antiquity  at  the  site  de- 
pended not  so  much  upon  the  evident  priority  of  the  sand  relics  to  the 
Indian  remains  of  the  surface  loam  as  upon  the  length  of  time  of  such 
priority— namely,  upon  the  final  question : 

8.  What  was  the  age  of  the  sand  f  Extending  outside  the  province  of 
my  qualification,  this  question  remains  to  be  settled  by  my  colleagues.  Let 
their  special  experience  decide  whether  this  yellow  layer  resting  exactly 
upon  the  Trenton  gravels  is  a  true  part  of  the  composition  of  the  latter. 
Let  them  inform  us  whether  this  overlying  sand  was  the  work  of  the  river 
swollen  to  excessive  volume  by  the  melting  of  the  great  glacier,  whether 
modern  rivulets,  since  drained  away,  spread  it  upon  the  terrace  top,  or 
whether  during  the  time  before  trees  grew  and  loam  formed,  wind  whirled 
it,  pebbles,  clay  films  and  all,  upon  the  even  table  of  the  bluff  ? 

The  following  paper  by  Professor  Hollick,  prepared  for  joint  publica- 
tion with  my  own,  was  not  received  in  time  to  be  read  at  the  Detroit 
meeting,  though  it  was  intended  for  that  purpose  and  is  here  given  as  an 
appendix  to  my  paper.  h.  c.  m. 

APPENDIX. 
By  Prof.  Arthur  Hollick,  Columbia  University,  New  York. 

On  June  26,  by  invitation  of  Professor  G.  Frederick  Wright,  the  fol- 
lowing party  met  at  Trenton,  N.  J.,  to  make  excavations  in  the  Trenton 
gravel  terrace,  and  to  examine  any  archiBological  material  which  might 
be  brought  to  light:  G.  Frederick  Wright,  Oberlin,  Ohio;  H.  C.  Mercer, 
Doylestown,  Pa ;  C.  C.  Abbott,  Trenton,  N.  J. ;  Ernest  Volk,  Trenton, 
N.  J. ;  Arthur  Hollick,  Staten  Island,  N.  T.,  and  a  workman  to  perform 
the  rough  digging. 

Through  the  kindness  of  the  Misses  Lalor,  a  part  of  their  farm,  favor- 
ably located  on  the  edge  of  the  terrace,  had  been  reserved  for  investiga- 
tion. Upon  the  surface  of  this  part  an  area  about  forty  feet  long  in  a 
north  and  south  direction,  by  about  four  feet  wide,  was  selected  by  our 
party  for  excavation.  Our  workman  first  removed  the  surface  soil  by 
spading  and  shoveling,  to  a  depth  of  about  six  inches,  and  threw  it  to  one 
side.    This  soil  was  found  to  consist  of  a  fine  yellow-brown  sand,  mixed 
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with  hnmns  and  other  carbonaceons  matter,  which  gave  it  a  prevailingly 
dark  color.  All  objects  thrown  ont  with  this  soil  were  collected  and  listed 
under  *'  A  "  and  **  B ; "  the  first  representing  the  preliminary  spading,  the 
second  the  shoveling. 

The  objects  consisted  of  fire-cracked  stones ;  nn worked  pebbles,  from 
size  of  a  cobble  to  that  of  a  robin's  egg;  chips  and  flakes,  mostly  of 
chert,  but  a  few  of  argillite ;  rejects ;  imperfect  implements ;  a  fragment 
of  anthracite  coal;  a  cinder ;  a  piece  of  oyster  (?)  shell;  a  piece  of  mod- 
ern pottery ;  nnclassifled  stones,  mostly  broken  or  chipped.  The  entire 
collection  apparently  represented  the  ordinary  refuse  of  an  Indian  camp- 
ing ground,  with  a  few  indications  of  modern  civilization. 

At  the  southern  end  of  the  area  from  which  the  surface  soil  had  been 
removed,  a  pit  was  excavated  4  ft.  by  4  ft.  by  8i  feet  deep.  The  sides  of 
this  pit  were  carefully  squared  and  showed  the  following  section : 

1.  Disturbed  surface  soil,  consisting  of  fine  yellowish-brown  sand  and 
black  carbonaceous  matter,  giving  it  a  prevailingly  dark  color,  ^12  in. 

2.  Undisturbed  flne  yellowish  sand,  irregularly  stratified,  with  streaks 
of  red  sandy  clay  carrying  small  pebbles,  2  ft.  6  in. 

3.  Floor  of  red  sandy  clay  at  bottom. 

The  line  of  demarcation  between  the  disturbed  surface  soil  aud  the  un- 
disturbed sand  could  not  be  sharply  drawn.  Streaks  and  small  pockets 
of  black  soil  often  extended  down  irregularly  into  what  was  apparently 
undisturbed  sand.  A  zone  was  therefore  recognized,  below  the  disturbed 
surface  soil,  which  we  agreed  to  call  the  '*  zone  of  doubt."  All  implements 
or  objects  found  in  this  zone  were  listed  under  **  C."  The  bottom  of  the 
**  zone  of  doubt "  was  about  18  in.  below  the  surface  of  the  ground. 

Below  the  bottom  of  the  '*  zone  of  doubt "  we  agreed  that  the  sand  was 
undisturbed  by  human  agency  and  that  any  objects  found  there  must 
be  regarded  as  having  been  deposited  at  the  same  time  with  the  sand,  or 
possibly  intruded  from  above,  in  which  case  some  evidence  or  indication 
of  such  intrusion  should  be  apparent. 

The  following  method  of  investigation  was  then  pursued : 

One  person  entered  the  pit  and  gradually  cut  away  the  face  with  a 
trowel.  As  soon  as  any  object  was  struck  the  rest  of  the  party  were 
notified  and  the  sand  around  it  was  carefully  removed.  The  distance 
from  the  bottom  of  the  *'  zone  of  doubt  "  to  the  object  was  measured  and 
the  object  was  then  removed  and  examined.  Each  such  object  was  im- 
mediately wrapped  in  a  separate  piece  of  paper,  together  with  a  memo- 
randum of  the  facts  in  connection  with  it. 


NOTES. 

As  far  down  as  we  dug  we  found  roots  of  living  trees,  larva  of  June 
bugs  (?),  ants,  and  occasional  disconnected  spots  or  streaks  of  dark  mat- 
ter, which  I  took  to  be  the  remains  of  old  decayed  roots. 

The  undisturbed  sand  was  found  to  be  distinctly  stratified  and  evidently 
a  water  deposit.    Pebbles  and  gravel  grains  were  not  uncommon,  espec- 
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ially  in  connection  with  the  clay  seams,  and  nearly  all  the  chips  and  im- 
plements found  were  lying  flat,  although  few  were  more  or  less  on  edge. 

Nothing  but  rough  chipped  implements  (palsBoliths?)  and  fragments 
were  found  below  the  **  zone  of  doubt "  up  to  the  time  when  I  left  (4  p.  m., 
Saturday,  June  26th),  when  about  one-half  of  the  main  excavation  had 
been  made. 

Supplementary  pits  were  also  started  close  to  the  main  excavation  in 
order  that  others  of  the  party  might  be  occupied  in  digging  at  the  same 
time.    The  methods  employed  were  identical  in  each  case. 

We  failed  to  verify  the  contention  that  only  arglUite  chips  and  imple- 
ments are  to  be  found  in  the  undisturbed  sand.  Some  jasper,  chert  and 
quartz  flakes  were  also  found,  but  argiUite  was  the  most  abundant  mate- 
rial represented. 

One  fine  chert  implement  was  photographed  in  place.  The  details  in- 
regard  to  this  and  other  objects  found  in  the  undisturbed  sand  are  de- 
scribed by  other  members  of  the  party. 

CONCLUSIONS. 

The  writer  accepts  the  conclusions  of  competent  authorities  that  the 
so-called  palseoliths  are  of  human  manufacture  and  that  the  sand  in  which 
they  occur  is  of  glacial  age.  Changes  of  opinion  in  regard  to  the  age  of 
the  deposits,  or  the  conditions  under  which  they  were  laid  down,  due  to 
the  fact  that  implements  of  human  manufacture  have  been  found  in  them, 
can  hardly  be  accepted  as  legitimate  argument. 

After  a  careful  examination  there  seems  to  be  no  doubt  that  this  sand 
is  a  water  deposit  and  that  it  had  not  been  disturbed  by  human  agency 
prior  to  the  time  when  it  was  excavated  by  our  party.  There  is  appar- 
ently no  break  in  the  sequence  of  deposition  from  the  coarse  gravel  be- 
low, through  the  fine  sand  containing  clay  seams,  up  to  the  surface  soil, 
—  the  entire  series  representing  successive  periods  of  flood  and  sedimen- 
tation. 

The  only  controversy  which  seems  possible  is  over  the  question  of  in- 
trusion from  above  and,  in  view  of  the  facts  now  adduced,  the  burden 
of  proof  should  in  fairness  rest  with  those  who  hold  this  view  and  posi- 
tive evidence  of  intrusion  be  brought  forward  by  them.  Nor  should  it 
be  considered  sufficient  that  one  or  two  cases  of  intrusion  be  proven. 
It  would  be  extraordinary  if  some  such  should  not  be  brought  to  light. 
What  is  needed  is  evidence  in  rebuttal  in  specific  instances  where  it  is 
claimed  that  palieollths  were  found  In  undisturbed  sand. 
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Investigation  in  the  sand-pits  of  the  Lalor  fikld,  near  Trenton, 
New  Jersey.  By  Thomas  Wilson,  U.  S.  National[ Museum,  Wash- 
ingtoD,  D.  C. 

A  MEETING  was  Organized  for  the  25th  and  26th  of  July,  at  which  were 
present  Messrs.  Salisbury,  Holmes,  Gushing,  Culin,  and,  on  the  latter  day, 
myself,  with  Mr.  Yolk  present  both  days,  for  the  Inspection  of  the  sand 
pits  in  the  Lalor  field  on  the  top  of  the  terrace  overlooking  the  Delaware 
river,  just  south  of  and  adjoining  Trenton.  The  interest  centered  in  the 
question  of  the  antiquity  of  man. 

I  have  always  been  a  believer  in  the  possibility  of  human  occupation  in 
America  at  a  much  earlier  date  than  was  assigned  to  the  North  American 
Indian.  Believing  in  this  antiquity,  I  have  been  continually  on  the  look- 
out for,  and  ready  for  the  reception  of,  evidence  which  should  prove  It. 
I  was  gratified  on  the  occasion  referred  to,  to  find  evidence  tending  in 
that  direction. 

Arrived  at  the  pits,  w^e  (Mr.  Volk  and  myself)  were  soon  joined  by 
Messrs.  Salisbury  and  Holmes.  The  pits  had  been  opened  in  advance, 
some  of  them  the  day  before,  in  the  presence  of  the  party,  so  that  new 
exposures  were  prepared.  The  most  cursory  inspection  showed  three 
principal  strata  or  deposits :  (1)  the  black  soil  on  the  surface  eight  to 
twelve  inches  thick;  (2)  yellow  sand  about  thirty  Inches  in  thickness, 
with  irregular  red  streaks  through  it ;  (8)  stratified  sand  and  gravel  for 
an  indefinite  depth,  and  believed  to  have  been  -washed  down  from  the 
glacial  deposits  of  the  Delaware  valley. 

The  pits  were  opened  through  the  two  upper  layers  and  holes  were  dug 
at  the  bottom  temporarily  for  the  purpose  of  identifying  the  line  between 
the  yellow  sand  and  the  gravel. 

The  principal,  indeed  the  only  geological  question  discussed  on  this  oc- 
casion, was  as  to  the  origin  of  the  layer  of  yellow  sand  (thirty  Inches). 
One  party  contended  that  the  red  streaks  in  it  were  evidences  of  stratifi- 
cation and  the  deposit  was  therefore  laid  down  by  water ;  the  other  party 
contended  that  the  red  streaks  were  concretionary,  and  that  whatever 
stratification  might  have  once  existed  was  now  broken  up  and  lost.  The 
resulting  conclusion  of  those  who  did  not  accept  stratification  in  the  up- 
per stratum  was  that,  in  the  absence  of  stratification,  no  one  knew  the 
manner  of  Its  deposit,  therefore  one  could  not  be  certain  either  of  its 
antiquity  or  that  of  the  objects  of  human  handiwork  found  therein.  The 
conclusion  of  the  opposing  party  was  that  the  stratified  yellow  sand  was 
practically  the  same  age  as  the  stratified  gravels  beneath  It,  and  that  the 
antiquity  of  the  objects  found  therein  was  practically  the  same. 

The  pits  examined  were  dug  through  the  yellow  sand  and  its  face  ex- 
posed from  top  to  bottom.  This  face  was  smoothed  and  then  pared  down 
In  thin  slices,  scraped,  as  it  were,  by  the  various  Individuals  present,  in 
search  of  objects  of  human  industry.  The  stratified  gravels  below  were 
not  investigated,  and  further  than  the  general  recognition  of  their  glacial 
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origin,  they  were  not  considered.  No  question  was  made  by  anybody 
daring  the  entire  seance  as  to  paleolithic  man,  or  his  implements  or  any> 
thing  which  could  have  belonged  to  him ;  indeed,  the  word  *<  paleolithic  " 
was  not  spoken  by  anybody. 

The  Investigation  pointed  to  the  following  conclusions :  First,  that  the 
entire  examination  had  no  bearing  upon  the  Paleolithic  Period,  nor  upon 
the  existence  of  paleolithic  man,  nor  on  any  of  the  objects  of  his  indus- 
try. The  stratum  of  glacial  gravels,  to  which  paleolithic  objects  are 
claimed  to  belong  and  wherein  they  have  been  found,  was  not  examined 
nor  considered.  Second,  while  there  may  not  have  been  any  stratifica- 
tion in  the  yellow  clay,  and  so  it  may  lack  that  evidence  of  antiquity,  yet 
it  furnished  objects  of  human  industry  almost  universally  of  argilllte; 
while  the  layer  of  soil  on  the  top,  and  such  as  was  within  the  reach  of 
cultivation,  yielded  Implements  or  objects  of  human  industry,  of  jasper, 
flint  and  quartz,  and  rarely  of  argilUte. 

Whatever  differences  there  may  have  been  in  the  geologic  conditions  of 
the  stratum  of  yellow  sand  from  the  others,  it  bore  archsological  evi- 
dences differing  materially  from  the  layer  above  it.  Argilllte  objects  were 
found  throughout  that  yellow  sand  stratum  from  eight  to  ten  inches  be- 
neath the  surface,  down  to  thirty  or  thirty-six  inches,  while  they  were 
rarely  found  in  the  black  soil  stratum  above.  Jasper,  flint  and  quartz 
were  found  within  the  first  foot  beneath  the  surface,  but  were  rarely 
found  in  the  yellow  sand. 

This  difference  between  the  products  of  the  two  strata  furnished  a  line 
which  the  archaeologist  could  follow  with  ease  and  certainty.  The  ob- 
jects from  the  upper  layer  were  practically  the  same  as  those  found  on  the 
surface  throughout  the  entire  neighborhood,  if  not  the  entire  State,  and 
possibly  United  States.  The  objects  found  In  the  yellow  sand,  the  stra- 
tum beneath  this,  were  distinctly  different,  different  if  in  nothing  else  than 
material.  The  differences  were  sufficiently  marked  to  show  difl'erent  cul- 
tures or  different  conditions  at  the  time  of  the  deposition  of  the  two 
strata. 

The  investigations  made  upon  this  occasion  were  entirely  In  harmony 
with,  and  vindicatory  of,  the  position  taken  by  Dr.  Abbott  in  the  Popular 
Science  Monthly,  January,  1888,  Vol.  xxn,  p.  881.  His  statement  then  in 
regard  to  paleolithic  man  is  to  be  omitted,  as  it  was  not  considered  on  this 
occasion.  One  may  doubt,  if  he  pleases,  his  conclusion  as  to  the  exist- 
ence of  evidences  of  Eskimo  Industries,  but  confining  his  statements  and 
his  diagram  to  Indians  and  pre-Indians,  no  reason  is  seen  why  every  visi- 
tor of  last  week  might  not  have  written  what  Dr.  Abbott  wrote  in  1883, 
and  might  not  have  made  the  same  diagram  as  shown  in  that  paper. 

Dr.  Abbott,  writing  of  the  black  soil,  says  (page  818)  : 

The  flint  Implements  known  as  Indian  relics  belong  to  this  superficial  or 
black  soil,  as  Kalm  terms  it.  Abundantly  are  they  found  near  the  surface ; 
more  sparingly  the  deeper  we  go;  while  below  the  base  of  this  deposit 
of  soil,  at  an  average  depth  of  about  two  feet,  the  argillite  implements 


ANTHROPOLOGY. 


383 


occur  in  great  abnndance.  The  accompanying  diagram  more  clearly  sets 
forth  the  conclusions  at  which  I  have  arrived,  after  years  of  careful  study. 
By  this  it  will  be  seen  that,  as  the  depth  increases,  the  number  of  ordinary 
flint  implements  of  Indian  origin  decreases ;  and  that  the  reverse  is  true 
of  the  paleolithic  implements  which  are  a  feature  of  the  gravel  beds ;  and 
is  true  of  that  intermediate  form  which  is  characteristic  of  the  stratum  of 
sand  capping  the  gravels  and  blending  insensibly  with  the  surface  soil. 
This  intermediate  form,  which  is  always  made  of  argilUte,  is  both  in  work- 
manship and  design  a  marked  advance  over  the  paleolithic  implements, 
and  yet  is  so  uniform  In  pattern  and  so  Inferior  in  finish,  when  compared 
with  the  average  flint  implement  of  the  Indian,  that  it  has  been  assigned 
to  an  earlier  date  than  the  latter,  and  considered  the  handiwork  rather  of 
the  descendants  or  paleolithic  man. 
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Doctor  Abbott's  illastrartlon  of  1883.    From  Popular  Science  Monthly. 


What  is  held  to  be  convincing  evidence  of  this  has  already  been  given  in 
the  statement  of  the  relative  positions  of  the  two  forms— Indian  and  pre- 
Indian — as  seen  in  sections  of  undisturbed  or  virgin  soil. 


As  before  remarked,  paleolithic  man  was  not  in  question  during  the 
meeting  in  Lalor's  field.  When  the  evidence  of  the  past  shall  l>e  collated, 
and  the  evidence  of  the  future  gathered  from  the  stratified  glacial  gravels 
which  lie  beneath  the  investigations  of  Monday,  and  paleolithic  imple- 
ments be  found  and  shown,  then  the  existence  of  paleolithic  man  in  that 
locality  will,  doubtless,  be  admitted.  At  present,  the  examination  of 
Monday  went  no  farther  than  to  show  an  earlier  human  occupation  of 
the  territory  with  a  difliBrent  culture,  at  least  a  difi*erent  industry,  from 
that  of  the  modern  Indian. 
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DISCUSSION. 


The  Chair  :  So  eud  the  formal  papers  on  this  subject,  and  we  now 
pass  to  the  general  discuHsion,  in  which  ail  members  of  the  two  Sections 
are  invited  to  participate.  The  Chair  begs  permis>ion  to  call  attention  to 
the  fact  that  no  question  whatsoever  has  been  raised  concerning  the  ac- 
curacy of  the  observations  so  admirably  brought  before  the  Section  by 
Professor  Putnam.  There  is  no  question  as  to  the  trustworthiness  in 
every  respect  —  as  to  the  complete  integrity  of  the  archaeologic  investiga- 
tion. The  only  questions  of  importance  before  the  Sections  are  questions 
relating  to  geologic  interpretation.  The  Chair  begs  to  suggest  that  the 
discussion  be  confined  to  the  geologic  aspect  of  the  case.  There  is  no 
person  more  competent  to  open  the  general  discussion  from  the  geologic 
standpoint  than  the  Vice  President  of  the  Association,  and  Chairman 
of  Section  £,  who  shares  the  platform  with  the  Chairman  of  Section  H. 
I  will  ask  Professor  Claypole  to  open  the  discussion. 

Professor  Clayfole  :  I  feel  that  if  I  were  to  do  this  I  should  take  up 
time  that  might  be  used  to  better  advantage.  My  remarks  might  not  be 
in  the  line  of  the  discussion,  and  it  might  introduce  irrelevant  matter 
if  I  should  bring  In  evidence  from  outside  districts.  I  would  ask  the 
Section  to  allow  me  to  give  up  the  post  to  some  one  who  has  worked  in  the 
region.  I  would  prefer  to  withhold  my  remarks  until  those  who  have 
been  in  New  Jersey  have  had  an  opportunity  to  speak. 

The  Chaik  :    The  subject  is  before  tlie  joint  Sections  for  discussion. 

A  Member  :  I  have  had  correspondence  with  Dr.  Abbott  in  reference 
to  this  location.  I  do  not  learn  that  any  extinct  animals  have  been  found 
in  this  layer.  If  we  had  found  any  extinct  animals,  we  might  conclude 
that  it  was  palaeolithic.  The  point  of  pottery,  that  is  an  evidence  upon  the 
other  side.    It  has  not  been  found  so  far  as  I  know. 

A  Member  :  I  would  suggest  that  an  invitation  be  tendered  Professor 
Penck,  of  Vienna,  who  has  made  observations  of  a  similar  nature. 

The  Chair  invited  Professor  Penck  to  address  the  Section. 

Professor  Penck  then  spoke  briefly  [giving  an  account  of  a  place  in 
Austria  which  had  been  buried  by  sand  since  historical  time]. 

The  Chair:  It  is  desirable  that  the  discussion  should  not  lag,  and 
especially  desirable  that  the  geologists  present  should  express  themselves. 

Professor  Wright  :  I  beg  leave  to  state  a  fact  or  two  to  correct  some 
misapprehensions.  First,  in  regard  to  what  Professor  Holmes  says  re- 
specting the  gravel  near  the  Pennsylvania  Railroad  station  In  which  Doctor 
Abbott  reported  finding  numerous  implements.  Professor  Holmes  is 
certainly  mistaken  in  representing  that  those  gravels  had  been  reworked 
by  the  waters  of  Assanpink  Creek  since  their  original  deposition  by  glacial 
floods.  Large  numbers  of  boulders,  some  of  them  five  or  six  feet  in 
diameter.  He  scattered  all  over  the  area  as  they  were  left  by  the  workmen 
after  having  removed  the  finer  gravel.  I  have  numerous  photographs  of 
perpendicular  sections  of  these  gravel  banks  as  they  were  exposed,  from 
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time  to  time,  during  the  excavations  showing  boulders  two  or  three  feet 
In  diameter  near  the  upper  surface.  The  material  has  not  been  reworlsed. 
Professor  Holmes*  sections  are  not  drawn  from  facts  but  from  his  own 
imagination.  My  photographs  tell  the  truth.  His  drawings  do  not.  If 
Doctor  Abbott  found  implements  in  these  gravels,  as  he  said  he  did,  they 
are  as  old  as  the  glacial  period. 

As  to  Professor  Holmes'  examination  of  the  sewer  trenches,  it  is  to  be 
said  that  the  conditions  were  not  as  favorable  for  the  discovery  of  imple- 
ments as  he  represents  them  to  have  been.  The  trenches  were  narrow 
and  deep,  poorly  lighted,  and  were  soon  boarded  up  to  keep  them  from 
caving  in.  It  would  be  with  the  greatest  difficulty  that  the  implements 
could  be  detected  along  their  perpendicular  sides.  Doctor  Abbott  prob- 
ably saw  twenty  times  as  much  of  the  perpendicular  exposure  of  excava- 
tions in  this  gravel  during  the  period  when  the  Pennsylvania  railroad  was 
dealing  away  a  space  around  the  station  as  Professor  Holmes  and  his 
assistants  saw  in  the  trenches. 

With  reference  to  the  clayey  stratum  beneath  which  our  implements 
were  found  in  the  excavations  on  the  Lalor  farm,  I  would  say  that,  imme- 
diately before  finding  one  of  the  Implements  described,  I  followed  it  con- 
tinuously for  ten  feet  working  off  all  thfe  material  with  the  trowel  before 
striking  the  implement.  The  stratum  was  throughout  at  least  two  inches 
thick.  The  analysis  which  I  have  given  of  this  is  not  my  own,  but  was 
made  by  an  expert.  Twenty-six  per  cent  of  this  by  bulk  was  clay,  and 
only  six  per  cent  of  that  clay,  t.  «.,  .015  of  the  whole,  was  iron.  The 
amount  of  clay  in  that  stratum  was  thirty-three  per  cent  more  than  in  the 
same  quantity  from  the  sand  above.  As  to  the  specimen  which  Mr.  Knapp 
examined,  I  should  say  that  it  was  certainly  not  from  this  stratum,  and 
so  has  no  bearing  upon  this  question.  This  is  a  real  clayey  stratum  which 
had  been  undisturbed.  It  is  impossible  that  Implements  could  have  worked 
through  without  showing  signs  of  disturbance,  and  equally  impossible 
that  stones  should  have  been  brought  up  from  beneath  It  by  roots  of  trees 
without  showing  like  signs  of  disturbance. 

The  Chaik:  There  are  certainly  several  geologists  present  who  are 
familiar  with  the  Delaware  Valley.  If  they  do  not  speak  spontaneously 
it  will  perhaps  be  necessary  for  the  Chair  to  name  them,  but  he  would 
prefer  not  to  be  compelled  to  do  so.  Professor  Chamberlln,  the  veteran 
student  of  glacial  geology,  Is  with  us,  and  I  know  he  has  visited  portions 
of  this  region. 

Professor  Chamberun  :  I  have  been  urging  for  some  years  that  those 
only  should  discuss  these  questions  who  had  given  very  careful  examina- 
tion and  thought  to  them,  and  that  the  thing  which  we  need  more  than  any 
other  one  thing  is  extremely  careful  observation  on  the  ground,  and  ex- 
tremely careful  Interpretation.  Now,  while  I  have  been  at  Trenton,  and 
have  seen  a  little  of  these  formations,  and  perhaps  am  prepared  to  appre- 
ciate what  others  have  said,  I  am  not  prepared  to  make  any  contribution 
of  my  own,  of  any  value.  As  to  the  Interpretation  I  have  Indicated  at 
various  times  certain  general  criteria  of  Interpretation  but  these  have 
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been  all  involved  in  the  discussion  to-day  more  fully  than  they  have  lain 
In  my  own  mind.  There  has  been  really  no  contention  in  the  discussion 
to-day,  on  the  basis  of  any  recent  evidence,  that  anything  pertainin<r  to 
the  unquestionable  presence  of  man  has  been  found  in  the  unquestionable 
glacial  deposits.  We  have  some  forty  or  fifty  feet  of  unquestioned  glacial 
deposits,  amply  exposed.  That  contention,  as  indicated  by  Professor 
Holmes,  has  passed  out  of  the  discussion.  There  is,  therefore,  this  sig- 
nificant thing  in  the  discussion  to-day,  that  with  an  ample  exposure  of 
glacial  deposits  It  is  not  seriously  claimed  that  human  relics  are  found  in 
them.  We  may  therefore  infer  from  the  discussion  to-day  that  the  battle 
on  that  ground  is  a  matter  of  past  history.  The  question,  therefore,  Is 
narrowed  down,  as  it  seems  to  me,  to  uncertainties  in  three  or  four  par- 
ticulars ;  and  this  perhaps  is  the  most  wholesome  state  at  which  we  could 
arrive  as  the  result  of  long  discussion  preceding  this  meeting.  I  think  all 
parties  are  convinced  that  there  is  a  necessity  for  the  very  careful  obser- 
vation and  the  very  careful  interpretation  toward  which  we  are  fast  mov- 
ing, and  to  which  we  have  perhaps  actually  arrived.  It  seems  to  me  in  so 
far  as  this  question  is  typical  of  the  problem  of  glacial  man,  it  should  put 
all  of  us  in  an  attitude  of  firm  conviction  that  at  present  there  is  no  posi- 
tive evidence,  and  in  that  negative  attitude  we  can  rest.  I  think  we  are 
all  agreed  as  to  the  general  antiquity  of  man  at  some  place  on  the  globe. 
We  of  America  do  not  question  the  presence  of  man  contemporaneously 
with  ice  in  Europe.  We  have  come  here  very  recently,  other  races  have 
come  recently  also.  It  is  an  open  question  when  man  appeared  upon  this 
continent.  Therefore  I  think  we  have  reached  a  wholesome  condition. 
We  may  allow  new  evidence  secured  from  time  to  time  to  stand  on  its 
own  merits,  excluding  a  large  part  or  all  of  the  present  supposed  evidence 
of  the  existence  of  man  in  America  in  the  glacial  period.  I  know  of  no 
evidence  to-day  that  is  of  scientific  value  bearing  on  that  point.  We 
have  the  negative  discussion  to-day,  after  the  careful  investigation  of 
the  case.  We  may  rest  judgment  while  we  go  on  looking  for  positive 
evidence  under  the  new  method. 

Professor  Claypolr:  I  think  we  must  all  go  away  recollecting  one 
thing,  and  that  is  our  discussion  relates  solely  to  the  New  Jersey  district. 
I  think  we  must  all  remember  that.  It  is  a  great  point  to  keep  discus- 
sions clear  and  definite.  The  second  point  is  I  think  we  must  be  on  our 
guard  against  the  misuse  of  the  word  palaeolithic.  In  Europe  that  has  a 
clear,  definite,  sharp  meaning.  Third,  in  regard  to  this  clay,  I  do  not 
think  any  geologist  would  call  its  structure  stratified.  I  think  the  red 
clay  is  oxidized.  It  may  be  seen  in  a  great  many  dirt  banks.  The 
oxidation  passes  down  and  even  into  single  stones.  That  process  may  be 
seen  In  hundreds  of  stones.  In  which  the  oxidation  has  gone  in  from  the 
surface  abd  is  preceded  by  a  black  zone.  I  am  sure  Professor  Salisbury 
is  right  in  saying  that  the  structure  cannot  be  true  geological  stratification. 

Professor  Holmes  :  I  wish  to  ask  one  question  in  regard  to  the  forma- 
tion of  such  bands.  Suppose  they  should  form  in  recent  sand.  Suppose 
that  iron  begins  to  accumulate.     I  imagine  that  the  porosity  would  be 
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in  a  measare  reduced ;  and  that  since  all  tliis  sand  contains  clay  from  the 
surface  do^rn,  as  shown  by  Professor  Wright,  why  would  it  not  happen  as 
soon  as  the  band  of  iron  bejslns  to  form  that  the  clay  carried  down  by 
water  would  lodge  upon  this  hardened  layer  making  it  actually  a  layer  of 
clay^  And  so  with  each  band  of  iron,  may  it  not  accumulate  clay  in  that 
way? 

The  Chaik  :  Will  some  of  the  geologists  please  reply  to  the  question 
specifically? 

Professor  Salisbury  :  I  had  intended  to  say  a  word  more  about  those 
red  bands.  I  think  the  answer  to  Professor  Holmes'  question  might  be 
affirmative,  though  I  could  not  point  to  any  individual  illustration  of 
the  process.  The  concentration  of  iron  oxide  along  a  given  zone  would 
ceriainly  tend  to  check  descending  clay.  Professor  Wright  insists  that 
these  red  streaks  are  zones  of  clay,  though  made  up  of  three  parts  (74%) 
of  Hand  to  one  (26%)  of  clay,  counting  the  iron  oxide  as  clay.  This  is 
not  my  idea  of  a  clay  layer.  I  was  impressed  by  the  irregularities  of  the 
red  bands,  and  by  the  fact  that  many  of  them  were  like  the  Irregularities 
on  a  dune  surface  on  which  there  were  tufts  of  grass.  The  irregular 
bands  looked  as  though  they  might  represent  old  surfaces,  on  which 
vegetation  grew,  and  on  which  reddish  dust  had  been  blown.  This 
seemed  to  me  a  possible  explanation  of  these  streaks,  but  I  am  not  in- 
sistent that  it  is  the  real  one. 

Professor  Putnam:  Will  you  please  explain  once  more  where  that 
brick  was  found? 

Professor  Salisbury  :    It  was  sixteen  inches  from  the  surface. 

Professor  Putnam  :    Our  line  of  doubt  Is  Just  above  the  upper  red  layer. 

Thr  Chair:  The  Chair  can  hardly  refrain  from  asking  whether  the 
distinguished  archaeologist  who  comes  to  our  shore  from  Scotland,  Doc- 
tor Munro,  will  not  say  a  word  in  connection  with  the  subject? 

Doctor  Ml^ro:  I  have  come  here  for  information,  and  the  special 
object  I  had  in  coming  to  Detroit  was  to  hear  this  discussion  i  and  I  beg 
to  say  that  I  have  never  listened  to  a  discussion  conducted  on  such  ad- 
mirable methods  as  the  present.  Since  I  am  on  my  feet,  let  me  say  one 
thing:  Mr.  My  res  has  referred  to  these  corrugated  bands  —  I  would  call 
them  layers.  They  are  very  common  in  all  sand  dunes  and  other  wind- 
blown deposits,  and  we  look  out  for  these  beds  of  iron  for  the  purpose  of 
trying  to  find  the  lost  arrowheads.  In  regard  to  the  origin,  of  course 
some  have  said  that  this  deposit  Is  due  to  wind,  and  others  that  it  is  due  to 
water  formation.  Both  may  be  right;  because,  when  sand  is  blown  up 
there,  occasionally  floods  come,  and  when  these  floods  pour  upon  the  mat- 
ter the  water  makes  a  stratlflcation  there.  The  probability  is  that  it  was 
due  to  wind  and  water  work  combined.  I  think  that  while  I  have  l>een 
condemned  for  stating  that  the  American  anthropologists  and  geologists 
were  doubtful  as  to  the  existence  of  palieollthic  man—  I  think  my  impres- 
sion is  correct,  and  I  still  remain  skeptical  in  regard  to  palseolithic  man 
in  America. 

Thb  Chair:  The  Chair  is  strongly  disposed  to  ask  for  one  more 
geologic  opinion.    We  have  with  us  one  of  the  foremost  among  the 
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geologists,  not  only  of  this  country  but  of  the  world,  in  the  person  of 
Mr.  Gilbert,  the  Nestor  of  the  Geological  Survey  of  the  United  States. 

Mr.  Gilbbrt  :  All  that  may  be  said  on  the  geological  side  has  already 
been  said.  With  your  permission  I  would  like  to  say  something  on  the 
archaeological  side.  Although  I  am  a  geologist  by  profession,  once  for 
half  a  day  I  was  an  archaeologist.  It  happened  that  in  Colorado  I  was 
able  to  examine  what  had  probably  been  a  village  site  at  some  date  un- 
certain. The  locality  Is  one  where  the  underlying  formations  contain 
fragments  of  a  peculiar  kind.  Among  these  are  no  materials  available 
for  the  use  of  Indians  in  making  implements.  Now,  the  uppermost 
deposit  on  this  was  sand,  and  it  happened  that  that  sand  had  been 
cultivated  and  the  wind  had  blown  away  all  that  was  disturbed  by  the 
plough,  and  there  lay  all  the  pebbles  that  had  been  on  this  surface  and 
which  had  constituted  the  materials  used  by  the  Indians ;  they  included 
flakes,  arrowpoints,  the  hammers  that  were  used  in  striking  flakes  from 
hard  stones,  and  implements  of  other  kinds  that  had  not  been  flaked  but 
ground  into  shape ;  these  were  scattered  over  the  surface  and  I  gathered 
a  peck  of  them  perhaps ;  but  in  searching  for  these  I  found  probably  ten 
times  as  many  stones  which  had  no  indication  of  having  been  used  by  man. 
The  presumption  is  that  those  pebbles  had  been  brought  by  human  agency 
I  wish  to  suggest  the  possibility  that  in  this  case  also,  in  the  sands  near 
Trenton,  the  pebbles  may  have  been  brought  by  the  same  hands  that 
brought  the  implements. 

The  Chaik  :  Although  the  hour  of  adjournment  has  passed,  it  seems 
appropriate  that  each  of  the  gentlemen  who  contributed  formally  to  the 
reading  of  papers  be  given  a  moment  for  final  discussion.  Professor 
Putnam  will  be  the  first. 

Professor  Putnam  :  My  present  feeling  can  be  expressed  in  a  very  few 
words :  I  feel  well  repaid  for  all  the  work  I  have  done  in  this  connection, 
during  the  past  twenty  years,  by  the  interesting  discussion  that  has  been 
brought  out  this  afternoon  among  the  geologists  and  archaeologists. 

1  am  going  to  agree  with  our  friend  Doctor  Munro  that  there  is  a  good 
deal  of  doubt  about  palfleollthic  man  in  America ;  that  is,  fl'om  the  con- 
sideration of  the  question  in  the  discussion  this  afternoon.  We  have  had 
a  statement  that  a  trench  was  dug  thirty  feet  through  the  gravel,  and  that 
not  a  sign  of  the  work  of  man  was  found  during  the  diggln*;  of  the 
trench.  Mr.  Holmes  says  that  the  trench  was  carefully  watched,  for  five 
weeks,  and  nothing  was  found.  Two  gentlemen,  watching  the  same 
trench,  state  that  they  found  two  chipped  stones  in  the  gravel  as  it  was 
thrown  out. 

If  any  geologist  had  found  a  stone  implement  back  of  this  boulder 
(pointing  to  the  diagram  of  the  river  blufi*),  would  you  not  consider  it  in 
place  in  the  gravel,  or  would  that  still  be  doubtful?  It  was  in  such  a  po- 
sition that  I  found  a  stone  implement.  I  removed  the  boulder  and  there 
found  a  chipped  stone  implement.  That  seemed  to  me  to  l>e  good  evi- 
dence of  an  implement  in  place. 

For  several  years  there  was  a  vertical  section  of  gravel  where  the 
Pennsylvania  Railway  Company  was  taking  away  the  gravel.     That 


ANTHROPOLOOT.  389 

section,  like  theTertical  section  of  trench  C,  was  watched  almost  daily,  by 
Doctor  Abbott  and  others,  and  daring  that  time  seven  or  eight  (I  have 
forgotten  the  exact  number)  specimens  of  chipped  stones  were  foand  at 
different  points  on  that  vertical  wall,  as  the  Company  dag  away  the  gravel. 

For  over  twenty  years  this  gravel  at  Trenton  has  been  watched  when- 
ever an  exposure  has  occurred.  During  these  twenty  yenrs  we  have 
secured  over  thirty  specimens,  found  at  depths  below  one  foot  in  the 
gravel ;  and  also  hundreds  of  specimens  taken  from  the  talus.  It  is  on 
the  evidence  of  these  specimens  that  we  consider  it  possible  that  man 
may  have  existed  during  the  glacial  period  in  America. 

There  is  one  very  important  specimen  to  which  we  have  not  alluded. 
It  is  the  human  skull  discovered  at  a  depth  of  thirteen  feet  In  the  gravel 
on  the  site  of  the  gasometer  at  Trenton.  This  cranium  shows  that  it  was 
knocked  about  at  t)ie  time  of  the  deposition  of  the  gravel;  and  it  is  of 
a  peculiar  type  unlike  the  Indian  skulls  found  on  the  Atlantic  coast. 

I  will  not  detain  the  Section  except  to  say  one  thing  more.  We  began 
this  discussion  by  considering  the  age  of  the  sand  deposits  at  Lalor  Farm. 
It  has  been  said  that  perhaps  the  objects  foand  there  had  worked  down 
from  the  surface  by  agency  of  burrowing  creatures ;  it  has  been  said  that 
these  deposits  had  been  all  broken  up  by  the  action  of  various  animals, 
tree  roots,  etc.  If  this  is  the  case,  we  have  to  consider  how  long  it 
would  lake  the  ants  and  worms  to  bring  the  sand  to  the  top.  We  have 
to  consider  the  Immense  length  of  time  It  would  require  to  turn  over  this 
whole  deposit  by  these  means.  From  all  that  has  been  said  to-day,  it 
seems  to  me  that  a  considerable  antiquity  is  admitted  for  this  deposit. 
That  Is  all  the  archaeologist  asks  for,—  that  the  antiquity  of  these  objects 
(90  per  cent  of  which  are  made  of  argilllte)  be  admitted,  and  that  these 
argilltte  objects  be  considered  as  belonging  to  an  earlier  occupation  than 
that  represented  by  the  objects  of  jasper  and  chert  and  pottery  found  in 
the  upper  deposit.  I  think  it  is  a  grand  advance  if  we  have  made  It  clear 
that  the  argillite  culture  is  old  and  that  It  preceded  the  recent  Indian  cul- 
ture. We  have  thus  returned  to  the  statement  made  by  Doctor  Abbott, 
In  1888,  which  has  been  confirmed  by  the  later  work. 

Professor  Wright:  The  discussion  this  afternoon  has  pertained,  as 
Professor  Putnam  has  said,  to  the  recent  investigations  at  Trenton,  noth- 
ing being  said  about  the  previous  evidence.  I  want  to  call  attention  to 
one  point  made  by  Professor  Salisbury  that  the  roots  of  trees  had  broken 
up  all  stratification ;  why  didn't  they  break  up  the  red  band  ?  The  roots  of 
trees  have  always  been  going  down  there.  Whatever  you  may  say  about 
^hat  band,  that  is  one  of  the  things  to  be  explained.  I  followed  it  through 
for  twenty  feet,  but  certainly  there  has  been  no  disturbance  of  the  strati- 
fication since  those  implements  were  found  below  that  red  band.  I  am 
not  sure  as  to  what  those  facts  may  mean.  We  have  endeavored  to  pre- 
sent the  facts  so  that  you  may  interpret  their  meaning.  Argillite  culture 
was  dnring  a  period  that  preceded  the  other,  and  that  the  red  band  of 
stratification  of  which  26  per  cent  was  clay,  and  a  very  much  larger  pro- 
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portion  of  clay  In  it  than  sand,  accumulated  along  that  line  over  the  argil- 
lite  flakes.  I  do  not  believe  the  pebbles  could  have  come  up  In  any  of  the 
natural  ways  spoken  of.  I  would  say  that  when  Mr.  Kiimmel  completed 
his  work  on  the  first  day  his  impression  I  know  was  that  it  was  a  water 
deposit.  We  may  vary  in  our  conclusions,  but  I  wish  a  committee  might 
be  appointed  to  make  investigations  and  report  a  year  from  now  to  follow 
the  points  made  to-day.  I  think  we  owe  it  to  Professor  Putnam  and 
others.    I  wish  a  committee  might  be  appointed  for  that  purpose. 

Professor  Hot^ies:  I  object  to  the  introduction  of  the  expression 
**  argillite  culture  "  which  implies  a  well  difi*erentiated  period  and  people. 
I  think  that  in  the  end  we  shall  have  to  attribute  all  the  works  of  art  found 
in  that  section  to  the  Algonquian  Indian. 

Professor  Salisbury  :  In  reference  to  Professor  Futnam*s  question  if 
we  would  not  regard  the  implement  found  underneath  the  boulder  as 
having  been  in  place  in  the  gravel,  I  would  say,  most  emphatically  no. 
The  river  undercuts  the  bluff.  Most  emphatically  anything  found  behind 
a  boulder  on  the  slope  would  be  open  to  great  suspicion.  In  answer  to 
the  question  why  were  not  the  red  bands  disturbed,  I  would  say  they  were. 
If  they  are  of  later  origin  than  the  sand  itself,  as  is  possible,  they  would 
have  been  subject  to  proportionally  less  disturbance. 

Professor  Claypoi.e  :  The  evidence  that  we  have  been  discussing  this 
afternoon  is,  as  you  know,  entirely  in  regard  to  Trenton,  and  on  this 
evidence  the  case  will  stinnd  or  fall.  I  fear  myself,  unless  some  new 
evidence  unknown  turns  up,  it  will  fall.  Many  of  the  members  of  the 
Section  are  aware  that  I  have  brought  evidence  from  another  part  of  the 
country,  which  I  do  not  say  is  absolutely  conclusive,  but  which  is  free 
from  many  of  the  objections  brought  forward  in  New  Jersey.  A  cliff  is  a 
doubtful  point,  but  if  in  other  parts  of  the  country  there  are  places  where 
there  are  no  bluffs,  then  I  think  we  may  get  evidence  which,  if  it  proves 
it  in  that  part  of  the  country  —  I  speak  of  Ohio —  would  render  it  prob- 
able. I  confess  I  stiare  the  doubts  of  a  great  many  whether  the  man  we 
have  traced  is  the  palaeolithic  man  of  Europe. 

The  Chair:  The  Chair,  in  congratulating  the  section  on  an  exceed- 
ingly interesting  discussion,  would  like  to  call  attention  to  a  single  point, 
and  that  very  briefiy.  It  is  this :  It  has  been  well  brought  out  in  every- 
thing that  has  been  said  that,  as  search  has  gone  forward  and  as  observers 
have  multiplied  in  the  Trenton  region  during  the  last  fifteen  years,  so  the 
supposed  evidence  of  glacial  man,  or  so  the  supposed  conclusiveness  of 
the  evidence,  has  grown  weaker  so  far  as  that  locality  is  concerned. 
Fifteen  years  ago  there  was  hardly  an  archaeologist  who  did  not  regard 
the  Trenton  region  as  affording  conclusive  evidence  of  glacial  man ;  to-day 
the  manner  in  which  the  evidence  has  been  torn  to  shreds  is  apparent  to 
everyone.  What  I  say  relates  only  to  glacial  man.  It  seems  to  the  Chair 
that  it  is  fair  to  all  parties,  and  may  be  especially  useful  to  those  mem- 
bers of  the  Sections  who  are  not  experts  in  such  matters,  to  give  this 
summary  of  the  discussion. 
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ABSTRACT  FROM  THE  RECORDS  OF  THE  SECTION. 

The  Detroit  meetini^  of  Section  H  was  opened  Angnst  9, 1897,  the  Presi- 
dent, W  J  McGee  of  the  Bureau  of  American  Ethnology,  in  the  chair. 
The  Secretary-elect  having  resigned,  Dr.  Anita  Newcomb  McGee  was 
elected  Secretary. 

The  principal  business  of  the  meeting  was  transacted  on  August  10, 
and  was  as  follows : 

1.  A  report  of  the  informal  conference  of  the  section  held  December 
80,  1896,  at  New  York,  was  read  by  Miss  Alice  C.  Fletcher,  retiring  Presi- 
dent.   This  report,  prepared  by  the  Secretary,  is  hereto  appended. 

2.  The  Section  voted  to  request  permission  of  the  Council  for  the  hold- 
ing of  a  formal  meeting  during  the  Christmas  holidays  of  1897.  The 
permission  was  promptly  given  by  the  Council  and  ^25  was  allowed  for 
the  expenses  of  the  meeting.  Ithaca,  New  York,  was  selected  as  the 
place  of  meeting,  because  the  Society  of  Naturalists  is  to  meet  there. 

8.  After  the  reading  of  Dr.  Washington  Matthews'  paper  on  the  Sci- 
ence of  Ceremony  the  chair,  on  motion,  appointed  the  following  com- 
mittee to  cooperate  with  the  author  in  considering  and  acting  on  his 
proposal  to  give  a  name  to  the  science  of  ceremony :  Dr.  Washington 
Matthews,  Dr.  Stephen  D.  Peet,  Miss  Alice  C.  Fletcher  and  Mr.  Frank  H. 
Cushing. 

4.  The  Sectional  Committee  voted  to  recommend  to  the  Council  the 
continuance  of  the  Committee  on  Ethnology  of  the  White  Race  in  the 
United  States.    This  recommendation  was  adopted  by  the  Council. 

At  the  close  of  the  meeting  of  the  Section,  at  5  p.  m.,  August  18,  Miss 
Fletcher  offered  a  resolution  of  thanks  to  the  President  of  the  Section,  in 
which  she  called  attention  to  the  arduous  additional  work  that  had  fallen 
on  him  as  Acting  President  of  the  entire  Association,  in  spite  of  which 
labor  his  attention  to  all  the  details  of  sectional  work,  his  unfailing  cour- 
tesy and  suggestive  leadership  in  the  discussions,  had  been  noteworthy. 
Professor  Morse,  in  seconding  the  resolution,  spoke  also  of  the  impartial 
presiding  and  the  harmonious  character  of  the  meeting,  as  largely  con- 
tributing to  make  it  one  of  the  most  successful  in  the  history  of  the 
Association. 

Anita  Newcomb  McGee,  M.D., 

Secretary  of  Section  H. 


REPORT  OF  THE  INFORMAL  CONFERENCE  OF  SECTION  H,  DECEMBER  80,  1896. 

At  the  instance  of  the  special  committee  appointed  to  promote  the 
interest  of  Section  H  of  the  A.  A.  A.  S.,  by  request  of  the  sectional  com- 
mittee and  with  the  approval  of  the  President  and  Permanent  Secretary, 
an  informal  conference  of  the  members  of  the  Section  was  held  at 
Columbia  University,  New  York,  on  Dec.  30,  1896,  for  the  special  pur- 
pose of  discussing  the  future  work  and  interests  of  the  Section,  and  to 
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consider  the  expediency  of  recommending  to  the  A.  A.  A.  S.  the  holding 
of  winter  meetings  of  the  Section. 

Miss  Fletcher,  the  President  of  the  Section,  presided  and  about  twenty- 
five  members  of  the  Section  were  in  attendance.  The  morning  was 
mainly  devoted  to  discussing  the  relation  of  anthropology  to  other  sciences 
and  to  considering  its  scope. 

The  Section  considered  the  advisability  of  obtaining  the  authority  of 
the  Association  for  holding  winter  meetings  of  the  Section.  The  general 
opinion  was  that  semi-annual  meetings  of  the  Section  would  be  useful  to 
anthropologists  and  would  tend  to  strengthen  the  Association.  The  fol- 
lowing resolution  introduced  by  Dr.  Boas  was  passed : 

**  The  members  of  Section  H  assembled  at  an  informal  conference  on 
Dec.  30,  1896,  in  New  York,  suggest  to  the  Section  the  desirability  of 
holding  meetings  of  the  Section  in  winter  at  the  time  and  place  when  the 
Society  of  Naturalists  and  Psychologists  meet,  and  request  that  tlie  sug- 
gestion be  acted  upon  at  the  first  opportunity." 

An  informal  report  of  the  Committee  on  Ethnology  of  the  White 
Race  in  the  U.  S.  was  presented  and  the  following  motion  in  regard  to  it 
was  carried :  '*  In  the  opinion  of  this  informal  conference  a  half -day 
session  of  Section  H  should  be  devoted  to  the  report  of  the  Committee  on 
Ethnology  of  the  White  Race  in  the  U.  S.  and  to  papers  connected  with 
the  subject." 

In  the  afternoon  Dr.  Brinton  spoke  on  ''The  Relation  of  the  Psychical 
to  the  Physical,"  Professor  Hipley  on  *'  Influence  of  Environment  on 
Color  of  Eyes  and  Hair."  Dr.  Boas  followed  with  a  paper  on  **  Growth," 
in  which  he  presented  some  practical  questions  which  show  the  vital  bear- 
ing of  anthropometric  research  on  the  every-day  mental  and  physical 
health  of  school  children.  Incidentally  he  mentioned  the  desirability  of 
authors  printing  measurements  of  individuals  in  full  instead  of  merely 
giving  the  results.  This  idea  received  the  hearty  approval  of  other 
workers  in  this  line  as  by  this  means  future  investigators  are  able  to  test 
the  results  and  methods  employed. 

A  committee  consisting  of  Dr.  Brinton,  Professor  McGee  and  Dr.  Rip- 
ley, was  appointed  to  consider  anthropological  nomenclature. 

During  the  meeting  notice  was  received  of  the  death  of  the  honorable 
Horatio  Hale,  formerly  chairman  of  the  Section  and  one  of  its  most  pro- 
ductive workers.  Resolutions  of  regret  were  framed,  a  copy  of  which 
was  forwarded  to  Mrs.  Hale. 

Harlan  I.  Smfth, 
Secretary. 
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VICE    PKESIDCMT,  AND   CHAIRMAN    OF   8BCTI0N   I. 


IMPROVIDENT  CIVILIZATION. 

A  plea  for  the  application  of  scientific  metJiods  to  the  amelioration 
of  80cio-econdmic  defects  and  disorders. 


The  responsibility  you  have  seen  fit  to  place  upon  me,  I  will 
now  ask  3'ou  to  share  with  me. 

The  controversy  in  respect  to  a  bimetallic  money  standard,  and 
the  other  as  to  the  limits  of  safety  for  representative  or  currency 
money,  are  certain  to  be  fully  worked  over,  by  the  powerful  vested 
interests  concerned,  in  Reports  of  Commissions,  and  printed  vol- 
umes. I  devote  a  minute  or  two  to  explaining  that  they  are  but 
parts  of  n  far  greater  question  of  Metrology ;  one  aho  requiring, 
for  its  elucidation,  a  more  exact  knowledge  of  the  laws  of  thought 
than  we  at  present  command. 

When  we  speak  of  value,  equivalency,  wealth,  risk,  trust,  dis- 
trust, panic,  prosperity,  we  are  dealing  not  with  concrete  sub- 
stances like  gold  pieces,  but  with  states  of  mind  ;  yet  these  ideas 
lie  at  the  foundation  of  commercial  exchanges  and  monetary 
science.  We  can  measure  the  relations  of  one  commodity  to  an- 
other, in  a  rough  way,  by  the  diflflculty  or  labor-cost  of  produc- 
tion ;  but  when  we  ti-y  to  measure  the  relations  of  one  commodity 
which  has  little  or  no  skill  wrought  in  with  its  production  with 
another  in  which  there  is  inventive  or  artistic  skill,  or  sentiment,  or 
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risk  of  life  or  limb  involved,  the  relation  is  not  merely  quantita- 
tive. To  illustrate :  Have  any  of  you  ever  imagined  what  would 
happen  if  some  modem  Rosicrueian  were  to  succeed  in  doing  what 
so  long  baffled  the  alchemists,  and  which  has  been  announced  from 
time  to  time  as  being  accomplished,  viz. :  the  turning  of  base  metals 
cheaply  into  gold  ?  No  one  can  maintain  that  this  is  impossible ; 
and  this  is  preeminently  the  era  when  the  dreams  of  ancient  philos- 
ophers become  realities.  The  diamond,  a  much  more  unpromising 
object,  has  been  made  before  our  eyes  by  M.  Moissan.  Such  a 
discovery  would  introduce  into  the  world  of  commerce,  and  indeed 
into  all  fiscal  relations  of  men,  an  appalling  confusion :  first,  by 
a  general  rise  of  prices ;  and,  second,  by  a  dislocation  of  fixed 
payments  of  interest,  salarie*s  and  otherwise.  Among  other  curious 
results  we  should  witness  would  be  a  change  of  sides,  and  tunes, 
.  between  the  advocates  of  the  gold  and  silver  standards  with  a 
general  desire  to  shift  over  by  the  holders  of  contracts  for  specific 
payments  *'*'  in  coin  or  its  equivalent."  The  same  thing  would 
happen,  only  more  slowly,  if  a  vast  deposit  of  gold  ore  was  un- 
earthed ;  and  if,  after  gold  were  thus  discredited  by  a  practically 
inexhaustible  supply,  the  attempt  were  made  to  put  silver  in  its 
place  (the  price  of  which  would  be  enormously  enhanced),  this 
state  of  things  would  be  liable,  in  its  turn,  to  be  upset  by  similar 
discoveries.  I  am  not  sure  but  the  after-benefits  to  mankind,  and 
especially  to  labor,  by  precipitating  the  necessity  of  inventing 
some  more  efficient  tool  of  exchanges,  a  scientific  and  more  stable 
enumerator  of  values,  would  compensate  for  all  the  disaster  it 
would  temporarily  cost.  Shall  we  have  to  wait  for  such  an  acci- 
dent for  the  settlement  of  a  monetary  system  ? 

In  leaving  aside  these  more  or  less  transient  studies,  we  do  not 
escape  from  money  questions.  On  the  contrary,  economics  have 
become  so  interwoven  with  our  whole  civilized  activity  and  specu- 
lation, that  money  has  come  to  be  accepted  as  a  measure  of  these 
states  of  mind,  as  well  as  of  quantitative  relations  of  commodities. 
For  example:  in  a  general  way  the  per-capita  consumption  of 
sugar  readily  indicates  the  desire  of  the  population  for  sweetmeats 
(a  psychic  phenomenon)  and  their  ability  to  gratify  it  (a  material 
phenomenon).  A  decrease  of  the  average  fiank  Clearing  House 
exchanges  is  a  merely  quantitative  statement,  but  its  relation  to 
the  increase  of  suicides,  and  the  decline  in  marriages,  of  which  it 
is  also  a  faithful  index,  is  not  so  obvious.     The  difficulty  with 
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monetary  science  is  that  values  or  prices  are  subject  to  the  rise  and 
fall  of  tides  of  their  own,  to  droughts  and  floods  as  compared 
with  each  other,  and  as  compared  with  the  conventional  standards 
(regardless  whether  the  standard  be  single  or  double)  ;  but  the 
standard  itself  is  adrift,  moving  now  landward  and  now  seaward, 
according  to  the  caprices  of  that  unstable  and  surface  current,  pub- 
lic opinion,  and  also  to  powerful  undercurrents  by  those  monarchs 
of  finance,  the  arbitrageurs,  whose  hands  are  on  all  the  pro^luctive 
industries  and  for  whose  benefit  the  rest  of  mankind  exists  and 
labors  in  unconscious  servitude.  Monetary  science  is  not  lawless, 
but  its  datum-points  are  not  yet  so  fixed  as  to  admit  of  easy  refer- 
ence. Many  other  problems  of  science  have  been  worked  out  of 
similar  complexity,  and  our  task  is  not  quite  so  hopeless  as  the 
usage  of  centuries  might  suggest.  Many  things  have  become  pos- 
sible within  the  past  seventy-five  years  which  seemed  impossible 
prior  to  that  period. 

The  markets  of  the  world  are  becoming,  for  practical  pui-poses, 
one.  This  is  noticeably  true  of  the  credit  market,  or  as  it  is 
usually  styled,  the  money  market.  The  economic  needs  of  the 
United  States,  as  indeed  of  all  the  American  peoples,  as  I  see 
them,  are  not  greater  abundance  of  circulating  promises  to  pay 
but  more  of  the  staple  commodities  in  world-wide  demand  in 
which  to  redeem  the  debts  already  incurred.  This  is  equivalent  to 
saying  that  we  should  get  out  of  debt,  and  have  something  left 
over  of  the  nature  of  quick  assets  which  we  can  part  with  to  the 
rest  of  the  world  as  occasion  requires.  It  goes  without  saying 
that  as  to  families  and  persons,  so  as  to  nations,  our  possessions 
must  consist  of  something  besides  bric-a-brac  and  apparel,  the 
fashion  of  which  changes  and  the  value  is  soon  lost.  The  luxu- 
ries we  buy  from  the  European  markets  would  bring  but  little  if 
shipped  back  there  ;  in  fact,  without  our  demand,  the  prices  would 
be  lowered.  Champagne,  laces,  fine  woolens,  feathers  and  silks 
are  poor  property  to  raise  money  on  elsewhere.  If  we  would  get 
credit  or  money,  or  the  valuable  substance  that  stands  behind 
money,  we  must  owe  less  and  have  a  greater  store  of  the  articles 
the  world  needs.  Whether  the  present  estimation  of  gold  as  the 
measure  of  exchange  values  is  excessive  or  irrational,  it  is  a  fact 
to  be  reckoned  with.  It  follows  that  the  surplus  should  be  con- 
centrated commodities,  portable,  exportable,  and  not  too  fragile  or 
perishable  in  their  composition,  not  subject  to  caprice  of  fashion. 
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nor  of  restricted  demaDd,  and  of  these  the  precious  metals  and 
stones  have,  by  universal  consent,  best  filled  the  requirements. 

Our  present  civilization  is  lopsided ;  its  contour  is  asymmetrical ; 
it  is  not  abreast  of  the  knowledge  of  the  time,  and  is  not  yielding 
to  mankind  nearly  the  amount  of  comfort  and  well-being  it  might 
be  made  to  do.  From  a  great  number  of  social  ills,  defects  and 
shortcomings,  due  chiefly  to  this  overlapping  of  the  childhood  of 
the  world  upon  its  adult  stages,  I  select  a  few  of  the  more  serious, 
which  will  require  many  centuries  to  correct  themselves,  in  order 
to  raise  the  inquiry  among  you  whether  it  is  not  within  the  com- 
pass of  human  endeavor  to  accelerate  a  better  state  not  merely  to 
gratify  an  altruistic  impulse  nor  in  fulfilment  of  ethical  ideals,  but 
as  a  deliberate  choice  of  divergent  policies. 


I.       THE    WASTE   OF   WARFARE    AND    ARMAMENT. 

Ahead  of  its  logical  order,  I  take  up  the  waste  of  war  and  con- 
stant preparation  for  war,  which  has  haunted  mankind,  with  few 
and  trifling  exceptions,  as  a  malign  heritage  as  far  back  as  we 
can  trace.  History,  whether  printed  in  books,  written  on  parch- 
ment, engraved  on  monuments,  or  burned  in  clay  tablets,  seems 
to  be  mainly  a  record  of  combats  and  glorification  of  warriors. 
Truly  enough,  the  overrunning  and  subjugation  of  one  community 
by  another  of  alien  looks  or  speech  was  one  of  the  most  impres- 
sive and  awful  calamities,  surpassing  in  its  mental  impress  that  of 
earthquakes,  eclipse,  drought,  forest  or  prairie-fire,  flood,  or  insect 
pests,  because  strong  sinews  and  courage  availed  to  give  relief  in 
one  case,  but  not  in  the  other.  Training  to  arms  was  the  ordinary 
occupation  of  life,  and  death  by  wounds,  or  from  privations  in 
camp,  the  exit,  while  the  greatest  honors  were  paid  in  primitive  as 
in  modern  times  to  warriors. 

We  need  not  resort  to  any  superstitious  legend  to  accoant  for 
this  combative  instinct ;  it  has  its  analogue  among  the  bmtes 
which  bristle  up  and  stand  on  their  guard  at  the  coming  of  a 
strange  figure  and,  in  the  time  of  scarcity,  fighting  for  the  avail- 
able supply  of  food,  shelter  or  females.  It  is  even  so  with  man ; 
finding  himself  within  a  zone  or  clime-bound  belt  of  fertility  subject 
to  periodical  encroachments  of  the  ice-cap  from  the  one  direction, 
and  to  the  fierce  suns  and  tropical  growths  on  the  other,  hunting 
and  fishing  his  principal  pursuits,  agriculture  being  nascent,  there 
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were  ages  when  subsistence  was  precarious,  when  along  with  the 
ferra  ncUuroe  he  was  driven  to  the  caves  and  trees,  and  had  to  con- 
tend for  his  very  existence  against  organic  and  cosmic  foes.  The 
character  of  combatant,  strengthened  from  generation  to  gener- 
ation, became  a  first  nature;  he  must  be  ever  on  the  alert  for 
a  foe  and  for  an  occasional  rival.  Essentially  gregarious,  man 
could  not,  until  very  recently,  associate  in  large  numbers  without 
engendering  an  artificial  struggle  for  existence  superposed  on  the 
natural. 

Until  the  dawn  of  systematic  agriculture,  the  food  products  of 
a  given  terrain  could  not  keep  pace  with  the  population;  not 
until  the  dawn  of  modern  navigation  was  the  drawing  upon  far 
distant  or  more  fertile  regions  practicable ;  the  extinction  of  the 
feeble  and  unskilled  was  therefore  a  foregone  conclusion.  Even 
BO  lately  as  the  time  of  Malthus,  it  was  held  that,  nature  having 
by  her  scheme  of  fecundity  provided  twenty  partakers  to  her 
table  spread  for  ten,  the  excess  must  disappear  in  some  way  by 
struggle  or  disease.  It  was  not  surprising  that  both  philosophers 
and  statesmen  could  reach  the  conclusion  that  every  generation, 
or  each  quarter  of  a  century,  must  have  its  great  war  in  order  to 
thin  out  the  population  to  the  capacity  of  the  soil  for  sustaining 
it,  or,  otherwise  to  conquer  enough  more  territory  for  the  pur- 
pose. The  tendency  of  this  war  spirit,  thus  kept  alive,  was  to 
diminish  the  population  at  one  end  of  the  series  in  order  to  add  to 
it  at  the  other.  It  is  a  late  discovery  that  this  guaranty  of  the 
suflSciency  of  subsistence  can  be  more  easily  and  effectually  ob- 
tained without  fighting  than  with  it.  Aside  from  mutual  jealousy 
of  neighbor  nations,  or  the  fear  of  subjugation  by  one  or  more, 
the  policy  of  fighting,  in  order  to  live,  can  be  shown  to  be  a  colos- 
sal blunder.  Man  needs  no  longer  to  exterminate  his  own  species 
to  escape  starvation. 

Had  the  ordeal  of  arms  remained  as  it  began  with  a  biting, 
scratching  and  wrestling,  not  much  above  the  wolves,  in  which 
brute  strength,  sharp  claws  and  teeth,  and  endurance  prevailed, 
the  perpetuation  of  the  more  warlike,  and  the  extinction  of  the 
peaceable,  must  have  operated  to  keep  man  closer  in  physique  and 
mind  to  the  brutes.  A  series  of  inventions  of  weapons — the  sharp- 
ened spear,  then  the  bow  or  flint-tipped  javelin,  the  arrow,  the  pro- 
jectile, the  fulminating  powder,  the  domestication  of  beasts  and 
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birds — all  so  many  triumphs  of  mind  in  the  control  of  natoral 
forces — enabled  men  to  ward  off  the  cosmic  dangers  and  to  beat 
back  every  other  possible  foe.  Hunger  and  thirst  and  cold  he  had 
to  contend  with,  as  they  had ;  soon  he  had  their  skins  to  warm 
him ;  he  need  not  hunt  his  dinner  before  eating  it ;  he  could  entrap 
it,  and  later  employ  the  tame  animals  to  help. 

This  great  emotional  source  of  wars,  mutual  distrust,  suspicion 
and  aggrandizement,  remains  with  nations,  as  with  men.  When 
each  was  his  own  advocate,  judge  and  executioner,  the  fear  of  com- 
bat was  less  than  the  fear  of  declining  battle — the  dread  of  a  charge 
of  cowardice.  May  we  not  look  forward  to  a  time  when  war  grow- 
ing out  of  distrust  or  wounded  vanity  shall  become  as  obsolete 
among  civilized  people  as  the  hunting  habit,  the  duel,  or  pugilism, 
to  which  it  bears  a  close  resemblance.  Perhaps  if  we  can  demon- 
strate the  absurdity,  the  folly  and  waste  of  it,  we  may  do  some- 
thing to  banish  oppressive  armaments;  but  the  war-impulse  is 
scarcely  amenable  to  reason,  or  to  considerations  of  profit  and  loss ; 
it  is  more  vulnerable  to  ridicule  and  to  the  banishing  of  deep-seated 
prejudices.  This  power  of  fear,  rivalry  and  suspicion  being  an  in- 
herited mental  trait,  dating  far  back  in  man's  career,  nurtured  by 
song  and  story,  embellished  by  poetry  and  art,  stimulated  by  a 
religious  enthusiasm,  will  die  slowly.  Like  the  beliefs  in  fairies  and 
witches,  they  are  not  to  be  uprooted  by  argument  alone  but  must 
be  outgrown. 

The  devolution  of  the  fighting  trait  may  be  traced,  where  one 
would  least  expect  to  find  it,  among  the  females.  Women,  young 
and  old,  higher  and  lower,  instinctively,  as  we  say,  admire  physical 
bravery,  often  in  preference  to  moral  courage.  The  very  same 
badges  and  insignia  of  war  stir  the  fierce  emotions  more  than  in  the 
males.  The  showy  uniforms,  music  and  bearing,  the  plaudits  of 
victory,  rouse  them  to  unwonted  enthusiasm.  Favor  is  extended 
to  the  side  of  the  conquerors,  disfavor  to  the  vanquished,  as  eagerly 
as  compassion  on  the  wounded  and  dead.  Unconsciously  it  may 
be,  women  are  great  aids  to  the  recruiting  sergeant,  and  to  the 
gladiatorial  shows,  pomps,  pageants  and  circuses.  The  songs  of 
all  nations  reflect  this  powerful  stimulus  toward  battle.  ''J'aime 
que  le  militaire,"  ''The  bold  soldier  boy,"  is  the  tenor  of  them ;  and, 
as  if  to  intensify  and  keep  alive  the  belligerent  instinct,  the  boy 
children  are  still  given  weapons  as  playthings.     Very  rare  are  the 
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plaintive  songs  in  denunciation  of  war.     I  remember  one  snch  in 
fashion  in  the  first  half  of  the  century.  It  ran  something  like  this : 

**  If  I  iyere  King  of  France,  or  still  better,  Pope  of  Borne, 
I'd  have  no  fighting  men  abroad,  no  weeping  maids  at  home, 
But  the  world  should  be  at  peace ;  and  if  kings  must  show  their 

might. 
Then  should  those  who  made  the  quarrels  be  the  only  ones  to  fight." 

Traces  of  the  same  surviving  habit,  grown  dim  from  disuse,  are 
found  in  the  fainting  or  swooning  disposition  at  the  sight  of  flowing 
blood.  A  variation  of  this  may  be  found  in  an  attack  of  frenzy, 
or  fury,  from  the  same  cause.  This  trait  is  also  noticeable  in  some 
animals  which  are  excited  by  the  red  color  alone.  The  expression 
^'  war  fever "  is  apt ;  it  begins  in  delirium  and  ends  in  lassitude 
and  exhaustion.  The  persistence  of  the  belief  that  '^blood-letting" 
is  the  natural  cure  for  personal  or  social  ills,  is  a  survival  of  the 
same  kind.  The  passion  for  military  prestige — Id  gloire — ^which  so 
long  haunted  the  Romans,  and  later  the  French,  and  is  now  con- 
spicuous with  their  neighbors,  is  a  fatal  inheritance  which  lingers 
along  with  great  intellectual  power. 

When  one  speaks  of  ^'firing  the  national  heart/'  appeal  is  made  to 
this  latent  instinct,  and  it  rouses  the  inbred  emotions  in  much  the 
same  way  as  its  opposite  emotion,  the  stampede  of  panic.  Some- 
thing of  the  same  cruel  homicidal  impulse  is  to  be  seen  in  the  old- 
fashioned  ''hue  and  cry"  against  alleged  infractions  of  decency, 
loyalty  or  sacrilege  and  in  the  craze  of  mobs  for  lynching.  Strat- 
egy and  artifice  may  avail  to  divert  it,  or  lead  it  to  harmless  issues, 
but  it  cannot  be  extinguished  at  the  onset  by  threats  or  any  reason 
short  of  that  of  exhaustion  by  superior  force.  This  accentuates 
the  danger,  at  all  times  along  frontier  lines,  of  an  incident  of  en- 
croachment or  insult  which  may  serve  as  a  spark  to  ignite  combus- 
tibles. The  great  concern  of  statesmanship  is  to  keep  this  latent 
tendency  from  flaming  into  open  war.  '  'The  cancer  of  a  long  peace" 
no  doubt  reflected  a  state  of  society  in  which  industry  was  dis- 
located, when  possessions  were  held  by  the  strong  arm,  which 
indeed  m«st  have  been  wretched  to  make  a  state  of  war  more  tol- 
erable. 

Man  will  fight  to  expel  intruders  upon  his  domain,  to  resist  cap- 
ture, to  overcome  sexual  rivals,  to  protect  his  family  and  to  pre- 
serve his  altars  and  property.     Modem  wars  spring  more  frequently 
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from  the  latter  than  from  all  other  causes  combined ;  to  be  secure 
in  the  enjoyment  of  property,  excuses  and  renders  possible  the 
armament  of  advanced  nations  as  a  reserve  of  x>oUce  force,  to 
maintain  domestic  peace  and  order,  although  the  supplies  are  gen- 
erally voted  after  artificial  war  scares.  Holders  of  wealth  are 
willing  to  be  taxed  to  ensure  tranquillity  at  home,  even  at  the  risk 
of  personal  conscription,  rather  than  be  left  at  the  mercy  of  mob 
violence.  Such  is  the  irony  of  our  civilization  that  some  of  the 
leading  nations  manage  to  combine  a  treble  profit  by  fomenting  or 
permitting  wars  in  which  the  combatants  become  customers  for 
arms,  ships  and  munitions,  and  also  for  loans  of  money. 

An  appeal  to  force,  to  establish  and  maintain  any  degree  of 
equality  or  inequality  of  fortune,  is  a  mistake.  It  puts  force  in 
the  place  of  equity ;  fixes  right  by  might ;  moreover,  it  fails  of  its 
object;  armament  for  domestic  purposes  excites  alarm  among 
neighbors,  who  have  similar  pretexts,  and  thus  the  Sisyphean  task 
is  kept  up.  Besides,  it  tends  to  invest  property^holding  per  se 
with  a  sacredness  which  ought  not  to  belong  to  it. 

The  maxim  of  aggressive  statesmen,  that  ^^  constant  prepared- 
ness for  war  is  the  best  security  of  peace,"  is  a  seductive,  danger- 
ous half-truth ;  it  is  about  equivalent  to  the  old  adage  that  every 
gentleman  should  spend  an  hour  a  day  with  foils  and  pistols  to 
keep  himself  in  practice  against  intruders,  assassins  or  robbers. 
Some  ultimate  appeal  to  force,  of  course,  there  must  be ;  but,  like 
the  enforcement  of  decrees  of  courts,  it  should  rather  be  in  passe 
than  in  ease. 

The  world  presents,  at  the  close  of  the  century,  three  very  in- 
structive object  lessons  in  the  policies  and  prospects  of  three  con- 
tinents— Europe,  Africa  nnd  America.  When  the  first  Napoleon 
made  his  menacing  prophecy  that  *'in  fifty  years  Europe  would  be 
either  all  Cossack  or  all  Republican,"  he  indicated  correctly  enough 
the  two  opposing  forces  between  which  it  is  kept  in  unrest  and 
arms.  He  simply  underestimated  the  time  for  working  out.  The 
six  great  powers  waiting  for  the  recovery,  or  expiring  gasp,  of 
their  feebler  neighbors,  in  order  to  obtain  a  share  of  their  estates, 
is  a  sad  spectacle.  How  many  more  furious  struggles  is  history 
to  record  for  the  control  of  the  Levantine  shores  ?  >Vhat  a  satire 
on  civilization — not  to  speak  of  Christianity — to  find  the  youth  of 
Europe  armed  for  such  wanton  waste  !  Turkey,  Austria,  Greece, 
the  Balkans,  Spain,  Holland, — is  their  fate  to  be  absorption  into 
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a  stronger  empire?  and  if  so»  into  which,  and  for  how  long?  The 
epithet  ^'cockpit  of  Europe"  is  one  of  warning  to  other  continents. 

We  are  permitted  to  identify  Germany  with  the  dominating 
policy  of  Europe  because  it  is  setting  the  pace,  assuming  the  r61e 
of  fencing-master  and  armorer  to  sister  states  (and  shamelessly 
supplies  them  with  weapons,  money  and  tutors  to  carry  on  the 
strife)  ;  and  because  it  so  successfully  combines  mediaeval  feudal- 
ism,  dynastic  government,  and  state-church  with  the  most  advanced 
science  and  knowledge  in  the  arts.  Hence  we  find  chancellors 
and  reigning  emperors  alike  claiming  the  usual  kingly  commission 
from  Deity,  the  favor  of  the  Almighty,  but  at  the  same  time 
making  open  treaties  with  one  set  of  powers,  secret  treaties  with 
another  set  and,  as  if  in  distrust  of  all  such  allies  and  auxiliaries, 
providing  also  the  heaviest  battalions  and  best  artillery. 

How  unfortunate,  in  one  sense,  is  the  situation  of  the  African 
continent  in  not  being  permitted  to  receive  the  blessings  of  Euro- 
pean civilization  without  its  attendant  curses.  How  much  better 
it  would  have  been  to  have  consolidated  the  whole  into  one,  or  at 
most  two,  great  commonwealths  with  a  single  republican  form  of 
government,  one  standard  of  loyalty,  oiie  language,  religious  tol- 
eration, common  jurisprudence,  freedom  of  internal  commerce, 
facile  postal  and  personal  intercourse,  uniform  measures  and  coin- 
age ;  instead  of  the  partition  into  so  many  reproductions  of  Euro- 
pean di£ferences  of  flags,  creeds,  politics,  customs,  usages,  speech, 
each  with  its  patch  of  shore-front  and  a  vast  tract  of  hinterland 
to  be  fortified,  defended  and  jealously  watched  in  perpetuity.  It 
is  as  if  by  inoculation  the  pest-virus  were  poured  into  youthful 
arteries.  The  picturesque  old  cradle  of  Mediterranean  civiliza- 
tion, now  lying  isolated  from,  and  yet  so  close  to,  the  barbaric 
types,  deserved  some  nobler  treatment  from  the  enlightened  powers 
than  this  selfish  spoliation.  The  opportunity  to  dedicate  deliber- 
ately one  quarter  of  the  globe  to  peace  and  culture  apparently  has 
passed  forever. 

The  dream  of  a  peaceful  consolidation  of  nations  —  a  political 
millennium — is  quite  old.  Fortunately,  there  are  other  potent 
forces  at  work  making  for  peace.  Good  will  and  good  neighborship 
are  also  inherent  emotions.  Among  these  may  be  reckoned  the 
comity  of  nations,  perhaps  also  religious  propaganda,  foreign  trade 
and  intercommunication.  The  late  Secretary  Blaine  set  a  notable 
example  of  the  peace-making  impulse  when  he   addressed  his 
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eloquent  words  to  the  conveaed  representatives  of  American  Re- 
publics, counselling  unification  of  policies,  arbitration  of  disputes 
between  themselves,  and  urging  again  the  Fathers'  doctrine  of 
"America  for  Americans."*  That  invitation,  for  obvious  reasons, 
omitted  the  Dominion  of  Canada.  In  any  future  conference  it  is 
to  be  hoped  Canadians  will  see  their  way  clear  to  participate,  in 
this,  as  in  other  prerogatives  of  self-government,  as  they  have  a 
joint  interest  in  the  welfare  of  North  America  politically,  scien- 
tifically and  economically. 

That  the  international  comity,  and  if  you  please  the  jubilee 
features  of  the  year  may  not  be  neglected  (in  which,  however, 
Science  is  thrust  far  in  the  background) ,  as  an  American  response 
to  the  very  hospitable  suggestion  of  Professor  Dicey  —  probably 
drafted  before  the  failure  of  the  general  arbitration  treaty  —  of  a 
common  citizenship  for  the  people  of  Great  Britain,  her  colonies 
and  offshoots,  the  United  States  being  specially  included,  let  us 
say :  unworkable  though  it  be,  it  is  received  as  an  expression  of 
good  will.  I  venture  to  offer  instead  the  counter  proposition  that 
we  might  have  with  Canada  a  Zollverein  treaty  abolishing  fortifica- 
tions, fleets  and  custom  houses  along  the  four- thousand-mile  frontier, 
letting  the  tariff  revenues  be  collected  at  the  seaports.  Reciprocity 
of  language,  traditions,  laws,  coinage,  metrical  systems,  postage 
and  railroad  conveniences  we  have.  By  a  larger  interchange  of 
merchandise  and  ideas,  together  with  the  freest  intercourse,  the 
benefits  to  be  derived  by  both  parties  are  so  great,  that  any  sacri- 
fice on  either  side  would  be  insignificant,  temporary  and  easily 
borne. 

Modem  warfare  is  becoming  more  and  more  a  contest  of  inge- 
nuity and  material  resources.  Numbers  or  physique  of  combat- 
ants count  for  less,  and  even  personal  prowess  is  of  less  importance. 
Craft  in  strategical  manoeuvres  remains  as  of  old.  Machines,  ex- 
plosives, transport,  commissariat,  surgical  skill  and  adjustment  of 
knapsack  and  accoutrements  are  now  paramount.  Success  depends 
also  on  iudustrial  production  and  intellectual  power.  National 
debts,  formerly  supposed  to  be  aids  to  peace,  have  become  incen- 
tives to  war ;  financiers  often  find  a  joint  interest  with  diplomats, 

^  This  condensed  motto  Is  frequently  misunderstood  as  Implying  a  sort  of  hostile 
coalition  against  Europe  calling  for  a  hostile  coalition  by  Europe.  It  Is  simply  a 
forecasting  desire  not  to  be  embroiled  in  European  neighborhood  diapotes  about 
boundaries,  dynasties,  creeds,  alliances,  easement-rights  to  ports,  etc.,  from  which 
America  can  keep  aloof  and  should  be  encouraged  to  do. 
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purveyors  and  soldiers,  in  fomenting  or  permitting  wars  to  go  near 
the  point  of  danger  for  dynasties  and  capital.  How  to  escape  from 
the  meshes  of  this  combination  is  one  of  the  most  portentous  and 
baffling  of  problems  of  politico- economic  science.  Following  the 
analogy  of  Guaranty  and  Insurance  corporations,  it  might  be  well 
for  Europeans  to  invite  proposals  from  the  House  of  Rothschilds 
and  its  affiliations  for  a  stipulated  sum  for  which  they  will  guaranty 
peace  between  the  several  members  in  lieu  of  the  present  onerous 
exactions  of  war  loans.  The  financing  of  governments  has  become 
so  large  a  vested  industry  that  it  demands  the  right  to  live,  like 
some  other  institutions  we  shall  have  occasion  to  discuss,  and 
society  can  neither  get  along  comfortably  with  them  nor  extinguish 
them  without  violence.  Let  there  be  started  a  rumor  of  an  inva- 
sion, blockade,  or  a  vote  for  new  ships  and  aims,  by  one  of  the 
number,  the  cabinets  of  Europe  are  in  instant  trepidation.  The 
legislative  assemblies  at  once  catch  the  craze  —  up  go  the  budgets, 
out  go  the  contracts  for  munitions,  and  war  loans,  and  then  fluctu- 
ation in  the  Bourses.  Somebody  presently  discovers  it  was  a  ficti- 
tious or  exaggerated  alarm,  and  the  agitation  subsides,  but  the 
taxes  remain  just  the  same. 

In  Mulhall's  recent  work,  *'  Industry  and  Wealth  of  Nations," 
are  the  figures  of  the  national  debts  of  Europe  with  an  attempt 
to  segregate  that  portion  incurred  for  railroad  and  public  works 
which  latter  are  in  many  cases  part  of  the  military  regime.  The 
figures  are  impressive  but  fall  far  short  of  expressing  the  total 
money  cost  of  armament,  to  say  nothing  of  the  loss  of  public  and 
social  morale.  The  burden  of  industry  is  thrown  upon  the  chil- 
dren and  aged  women,  increasing  the  hours  of  labor  and  lowering 
the  scale  of  living. 

With  a  due  sense  of  humiliation,  we  must  confess  that  no  single 
remedy  can  be  found  for  this  unhappy  tangle  of  affairs.  Parlia- 
ments, by  their  Constitution,  represent  the  opinions  of  ministerial 
governments,  and  are  not  themselves  exempt  from  war-fright.  It 
is  a  common  trick  of  falling  ministries  to  strengthen  their  hold  on 
power  by  resort  to  menaces  and  scares.  The  presence  of  one  un- 
clouded, undaunted  mind  at  the  time  of  panic  of  the  multitude  is  a 
priceless  desideratum :  it  is  as  cheering  as  the  advent  of  a  cool, 
competent  surgeon  into  a  room  full  of  hysterical  bystanders  around 
a  prostrate  patient.  Presence  of  mind,  ridicule,  satire,  caricature 
and  especially  comic  cartoons  are  more  likely  antidotes  than  argu- 


406  SECTION  I. 

rnent.    The  disease  is  in  good  part  psychic  and  the  remedy  must 
be  of  the  same  kind. 

Again,  therefore,  we  may  say  science,  includingits  socio-economic 
branches,  is  our  best  hope  for  peace  and  disarmament.  The 
stoutest  heart  quaUs  before  a  stream  of  electricity,  hot  steam,  as- 
phyxiating gas  or  explosives  rained  from  an  air-ship.  Among  the 
suggestions  containing  more  or  less  of  promise,  the  following  are 
worth  mentioning : 

(a)  The  Swedish  Professor  Nobel,  who  accumulated  an  immense 
fortune  from  his  nitro-glycerine  inventions,  has  left  a  large  fund  to 
promote  the  extinction  of  war  by  making  it  so  deadly  that  nations 
will  be  afraid  to  resort  to  it.  Evidently  when  commanding  generals 
are  themselves  brought  within  the  range  of  unseen,  and  practically 
irrresistible,  dangers,  they  will  not  be  so  eager  to  seek  this  method 
of  promotion. 

(b)  Soldier  and  civilian  are  alike  interested  in  maintaining  a 
high  standard  of  health  and  efficiency,  the  former  having  more 
depending  on  his  doing  so.  Selected  on  account  of  his  physique, 
the  soldier  should  have  more  than  the  average  intelligence,  and  if 
the  army  regulations  or  the  instruction  of  the  superior  officers 
teach  him  how  to  care  for  himself,  to  moderate  his  passions,  and 
endure  privations,  it  will  be  a  small  compensation  for  his  detach- 
ment from  the  industrial  ranks.  Sanitary  and  personal  hygiene  are 
of  the  utmost  importance  to  the  perpetuity  of  armies,  nations  and 
races. 

(c)  Continuance  of  the  diplomatic  methods,  cumbrous  as  they 
are,  must  be  assumed,  although  their  function  is  becoming  dimmer 
in  the  presence  of  telegraphs,  telephones,  newspapers  and  popular 
participation  in  national  councils.  Diplomacy  has  been  at  all  times 
under  suspicion  of  insincerity  and  deceit;  but  it  has  the  great 
merit  of  defining  in  language  the  grievances  and  causes  of  war 
which  gives  time  for  passions  to  cool.  Armies  are  now  massed 
while  diplomacy  is  getting  ready ;  collision  comes  before  the  causes 
can  be  stated. 

(d)  Courts  of  Conciliation  are  an  improvement  in  diplomacy  in 
that  they  also  give  time  for  passions  to  subside.  They  do  not,  how- 
ever, prevent  armament;  and  armaments  are tp^o/oc^o provocative 
of  hostilities.  They  will  still  be  needed  as  against  non-arbitrating 
parties.  The  binding  force  of  treaties,  not  always  scrupulously  ob- 
served, is  being  weakened  by  the  example  of  conspicuous  breaches. 
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Great  Britain  and  the  United  States  may  creditably  vie  with  each 
other  in  setting  the  world  an  example  of  this  mode  of  preventing 
and  settling  disputes. 

(e) .  To  the  above,  I  would  fain  offer  a  further  suggestion  aimed 
at  those  who  have  the  responsibility  of  deciding  upon  war  or  peace., 
The  actual  ruler,  whether  it  be  a  parliamentary  body,  or  a  Presi- 
dent or  Chief  Secretary,  King  or  Chief  Minister,  Kaiser  or  Chan- 
cellor, Sultan  or  Vizier,  should  be  required  to  obtain  the  sanction 
of  some  deliberative  body,  not  of  his  own  creation  or  selection.  In 
addition,  every  such  officer  should  be  required,  by  fundamental 
law,  to  surrender  his  office,  authority  and  emoluments  into  the 
hands  of  such  an  assembly,  at  intervals  diminishing  progressively 
with  the  duration  of  his  reign ;  such  council  or  parliament  to  be 
at  full  liberty  to  restore  it,  further  limit  it,  or  to  confer  it  upon  a 
successor.  Such  a  check  upon  the  inebriety  of  power  and  incident 
flattery  is  needed  as  a  safeguard  against  aberration  of  intellect  or 
perversion  of  moral  balance.  The  temptation  and  strain  upon  the 
faculties  of  one  who  is  the  fountain  of  honors  and  promotions  ought 
not  to  be  imposed  without  some  such  restraint.  The  tendency  to 
hero-worship  is  truly  a  psychological  taint,  pregnant  with  dangers 
enough  in  the  populace  and  positively  ruinous  when  reflected  on  a 
single  mind  not  chosen  for  robustness. 

In  this  momentous  struggle  of  medieval  types  against  popular 
forms  of  government  in  continental  Europe,  occupied  by  three  mil- 
lions of  armed  men,  and  seven  to  ten  millions  more  subject  to  call, 
the  Britons  and  Americans  jointly  owe  a  duty  to  the  cause  of 
civilization  and  peace,  not  to  be  swayed  into  the  same  mad  folly. 

II.      DEOADEMCR   OF   RACES. 

The  abstraction  of  numbers  by  warfare  and  the  privations  of 
army  life,  vast  as  they  were,  do  not  account  for  the  decline  and 
degradation  of  the  great  empires  of  the  past.  Besides,  decay  seems 
to  overtake  the  conquering  as  well  as  the  conquered  race;  and 
there  are  instances  where  the  enslaved  have  become  in  turn  en- 
slavers. Mere  numbers  are  not  strength  nor  tenacity  of  nations : 
witness  the  Hindoos.  The  old  Greeks  were  not  numerous,  but 
what  they  lacked  in  numbers  they  made  up  in  vigor  and  sagacity. 

What  are  these  other  causes  of  premature  decay  ?  In  other  words, 
is  there  a  natural  term  of  life  for  races,  as  for  individuals  —  a  cycle 
of  growth,  maturity  and  senility?  Dr.  Charles  Pearson,  in  his  work 
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on  the  '^  Life  and  Character  of  Nations,"  has  attempted  to  answer 
these  questions  and,  in  addition  to  other  minor  causes,  traces  the 
decline  to  an  inherent  difference  of  stamina  or  staying  power  in  the  • 
ethnic  divisions  of  mankind,  corresponding  to  our  pi*esent  external 
classification  of  races  by  color  of  skin  and  hair.  The  startling  con- 
clusion he  reaches  is  that  the  swarthy  or  dark-skinned  races  are 
destined  to  outlast,  and  of  course  supplant,  the  lighter-skinned  or 
Aryan  group.  The  evidence  is  scanty  and  inconclusive ;  but  it  is 
significant  and  carries  us  back  directly  to  the  interesting  contro- 
versy now  waging  between  Professor  Weissmau  and  his  critics  as 
to  the  quality  of  the  germ-plasma  and  its  transmission  without  im- 
pairment or  improvement,  into  which  we  cannot  here  enter.  The 
rival  hypotheses  of  Galton  and  Cope  deal,  however,  with  problems 
belonging  to  the  sociologist  as  well  as  to  the  zoologist  and  micros- 
copist. 

The  doom  of  the  light-skinned  races,  according  to  Pearson,  is 
fixed,  for  it  is  not  to  be  averted  even  by  admixture.  The  bearing 
of  purity  of  race  on  its  persistency  is  far  from  being  worked  oot 
So  far  it  goes  to  show  the  active  dominant  types  are  mixed ;  while 
the  purer  races  are  few^  isolated,  and  nearly  stationary  in  civili- 
zation. Whether  these  differences  be  due  to  reversion  of  ancestral 
types — atavism — or  to  the  greater  complexity  of  organization  and 
nerve-strain,  is  an  interesting  study  which  we  must  ask  the  biolo- 
gist and  somatologist  to  elucidate  for  us. 

Just  why  the  builders  of  Assyrian  Phoenician  Nile  valley,  Yuca- 
tan, Grecian  temples,  thousands  of  years  ago,  have  not  left  their 
qualities  to  their  descendants,  may  be  due  to  other  causes  than 
the  stability  of  the  somatic  cell  or  to  intermarriage ;  for  instance, 
denudation  of  forests,  inroads  of  infectious  or  contagious  disease, 
insect  pests,  errors  in  diet,  the  warrior  occupation,  or  a  combina- 
tion of  all  in  greater  or  less  degree.  The  higher  types  of  men  seem 
to  have  arisen  along  the  broken  coast  line,  or  in  the  moderately 
elevated  regions.  The  great  plains  or  steppes  have  not  been  fa- 
vorable to  density  or  quality  of  population  or  to  courage  or  vitality. 
The  liability  to  periodical  prairie-grass  or  forest  fires  may  have 
stunted  the  development  of  men  and  animals  alike.  Meteorological 
conditions  are  important  to  flora  and  fauna ;  the  annual  mean  of 
sunshine,  the  precipitation  of  moisture,  the  range  of  extreme  tem- 
perature, and  the  degree  of  humidity  are  factors  of  survival  in  the 
geography  of  races.  The  more  northerly  seem  to  prevail  over  those 
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nearer  the  equator, — provided  we*do  not  go  too  far  north— due  al- 
lowance being  made  for  the  modifying  influence  of  ocean-currents 
and  altitude  above  sea  level,  the  lines  being  not  exactly  isothermal 
but  hygrometric.  Singularly  enough  there  are  notable  exceptions 
to  this  rule.  In  the  dry  deserts  of  Arabia  are  to  be  found,  among 
a  population  of  Bedouins,  chiefs  of  noble  mien  and  splendid  form/ 
descended  apparently  without  dilution  from  a  remote  ancestry.  So 
in  Abyssinia,  almost  a  hermit  nation,  as  Slatin  Bey  tells  us,  the 
natives  combine  great  physical  endurance  and  courage,  under 
the  most  adverse  surroundings  of  plant  life  and  notwithstanding 
the  general  prevalence  of  syphilis,  long  supposed  to  be  an  escutch- 
eon of  civilized  mixed  races,  and  a  very  sword  of  destruction.  The 
example  of  the  Jews  so  frequently  cited  in  favor  of  purity  of  race  is 
important  evidence,  but  complicated  with  other  than  ethnic  factors, 
such  as  the  Levitical  code  of  hygiene,  the  rite  of  circumcision,  the 
conf i-atemity  caused  by  ostracism,  restricted  occupations  and  social 
temptations,  each  of  which  plays  a  part  in  the  endurance  of  races. 
As  a  matter  of  fact,  the  population  of  those  nations  which  make 
enumerations  has  largely  increased  since  1815 ;  but  this  has  been 
made  possible  by  the  opening  of  new  sources  of  food  supplies,  for 
which  exchanges  of  manufactures  have  been  given.  In  spite  of 
the  migration  of  more  than  twenty  millions  to  distant  parts  of  the 
world  (America  chiefly) ,  every  considerable  area  has  increased  its 
own  numbers ;  and  it  is  only  quite  recently  that  France,  the  sole  ter- 
ritory where  emigration  is  practically  nil,  or  less  than  the  immi- 
gration, is  found  to  be  stationary  or  slightly  declining.  Thefe  is  a 
well-founded  suspicion  that  what  is  now  happening  to  France  will, 
in  due  time,  happen  to  the  others  from  the  same  causes.  Is  the 
fate  of  Rome,  Carthage,  Venice,  Thebes,  to  be  repeated?  Ma- 
caulay's  New  Zealander  sketching  the  ruins  of  London  Bridge  is 
prophecy  alluring  to  the  historian,  but  it  also  finds  ready  acceptance 
among  social  philosophy  essayists,  who  offer,  however,  the  most  di- 
vergent array*  of  moving  causes,  such  as  the  decline  of  mamage, 
vaccination,  flesh  eating,  narcotics,  condiments,  degeneracy,  iced 
drinks,  sewerage,  irreligion,  destruction  of  caste  distinctions,  etc., 
etc. 

^  Mr.  G.  A.  Read,  for  instance,  finds  in  the  proneness  to  alcohol  and  narcotics,  an 
artificial  ordeal  exterminating  those  least  able  to  carry  their  load  of  poison. 

It  was  reserved  for  Mr.  Brooks  Adams  to  discover  that  the  scarcity  of  the  circulating 
medium  (in  this  case  the  depreciation  of  white  metal  is  in  mind)  was  decimating  the 
whole  race. 
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Unless  we  assume  that  there  is  in  each  new  birth  a  redemptlTe 
power,  a  dropping  of  the  taiints  of  parentage,  the  human  race  ought 
logically  to  have  come  to  an  end  long  ago.  In  some  way,  as  yet  ob- 
scure to  us,  in  wliich  natural  selection  plays  its  part,  health  must 
be  catching  as  well  as  disease ;  otherwise  the  major  and  minor  pes- 
*  tilences  would  have  brought  a  quietus.  Phthisis  is  a  comparatively 
modem  disorder.  Cancer  is  anotlier  of  the  internal  lesions  com- 
ing to  be  known  as  induced  diseases  of  the  blood  which  may  be 
carried  about  to  all  climes  and  propagated  with  fatal  facility. 
Whether  the  special  bacillus  starts  the  decay  of  the  lung  tissues  or 
follows  as  a  sequence  of  the  decay,  seems  to  be  still  in  doubt. 
Pathologists  are  Just  now  enamored  of  the  theory  of  antitoxine  in- 
oculation— ^a  sort  of  tame  medical  ferret  sent  in  to  combat  the 
invading  rodent  organism.  If  this  is  our  best  hope,  the  ravages  of 
tuberculous,  cancerous  and  febrile  ailments  leave  civilized  races  but 
a  short  respite. 

The  researches  of  Sternberg  and  Metclmikoff  into  the  function  of 
the  leucocytes  as  guardians  of  the  normal  state  <it  arterial  currents 
are  more  intelligible  and  logical, — if  the  hypothesis  of  phagocytosis 
shall  be  established — as  this  leaves  the  work  of  eradication  of  the 
blood  deterioration  in  the  hands  of  the  organism  itself,  not  wholly 
beyond  human  control,  makes  it  largely  an  affair  of  metabolism  of 
food  into  living  cells  with  a  counterpart  activity  of  the  emunc- 
tories.  The  function  of  the  ductless  glands  in  the  formation  of 
these  blood  cells  is  the  comer  of  histology  and  pathology  now 
awaiting  special  researches,  and  from  which  we  may  expect  refresh- 
ing relief  from  the  antiquated  fetish  theory  of  antagonizing  drugs. 

History  concurs  with  physiology  and  with  statistics  in  the  view 
that  civilization  is  not  favorable  to  marriage  and  fecundity,  though 
it  may  be  more  propitious  for  the  rearing  of  offspring.  In  spite  of 
the  surcharge  of  sex-passion  which  nature  has  thrust  upon  men, 
and  the  equally  enticing  wiles  and  coquetry  of  women,  most  of 
whom  must  look  to  marriage  as  a  career,  it  is  more  and  more  of  a 
failure.  Polyandry  and  polygamy  are  being  crowded  out  by  mon- 
rOgamy,  but  the  philosopher  is  tempted  to  ask  whether  nionogamic 
union  and  the  family  as  we  know  them  are  also  to  disappear; 
and,  if  so,  what  will  take  their  place.  Shall  it  be  a  return  to  cel- 
ibate asceticism,  or  a  resort  to  the  state  as  foster  mother  ? 

For  some  occult  reason  it  is  not  as  easy  to  be  bom  into  the 
world,  now  and  here,  under  civilized  conditions,  as  formerly  under 
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semi-civilized.  The  proportion  of  still-born  may  be  le&B  in  our 
days  than  formerly;  it  probably  is,  but  the  infant  mortality  is 
greater.  The  mortality  of  parturition  increases  alarmingly  not- 
withstanding aseptic  devices.  One  may  well  ask  why  the  partu- 
rition of  the  Jiamo  sapiens  is  attended  with  so  much  hazard? 
Whether  the  civilized  man  habitually  mates  at  a  later  period  in  life 
than  the  savage,  after  the  pelvic  bones  and  ligaments  have  lost 
much  of  their  elasticity,  or  that  a  larger  cerebral  development  of 
the  modern  infant,  out  of  proportion  to  the  bony  or  muscular 
framework,  renders  him  less  viable ;  or  whether  the  replacement  of 
the  earlier  sagefemme  by  an  accoucheur  with  his  case  of  instruments 
and  anaesthetics,  is  more  responsible  for  the  increased  mortality,  we 
leave  to  gynecologists  to  decide.  The  change  of  both  sexes  to  in- 
door employment  in  shops  and  factories,  rather  than  arduous  la- 
bors out  doors,  accounts  for  some  of  the  loss.  The  net  result  in 
grandchildren  may  be  the  same  as  for  prehistoric  man  by  reason 
of  better  care  during  the  period  of  adolescence. 

If  our  census  statistics  are  trustworthy,  prudential  as  well  as 
physiological  causes  are  at  work  in  the  same  direction.  Families 
do  not  arrive  so  early,  nor  in  such  quantity,  as  in  primitive  life. 
The  perpetuity  of  the  race  is  left  to  the  unthinking  classes.  The 
aversion  to  child-bearing  crops  out  (especially  in  large  cities)  in 
various  ways.  The  practice  of  abortion,  very  common  in  Asiatic 
countries,  and  suspected  to  be  very  prevalent  in  Europe  and 
America,  proceeds  of  course  from  prudential  or  economic  consid- 
erations, fashion,  or  avoidance  of  social  penalties.  We  know  that 
the  advent  of  girl  children  to  the  Chinese  and  some  other  peoples 
is  looked  upon  as  misfortune  ;  as  might  be  expected,  foeticide  and 
infanticide  are  common.  Fear  of  want,  love  of  pleasures  and 
varieties,  dread  of  pain  and  lisk  of  death,  the  handicap  in  mat- 
ter of  house  renting,  awe  of  the  religious  authority, — all  play  their 
part  in  this  great  matter  of  diminishing  population,  which  has 
engaged  the  attention  of  the  French  savans  and  legislators,  and 
the  sacerdotal  government  of  Quebec.  ^ 

The  optimist  queries :  *'Wliy  worry  about  the  extinction  of 
the  human  race?"  which  reminds  one  of  the  American  Plato's 
reply  when  told  by  an  Adventist  that  the  end  of  the  world  was  at 

^The  birth  rate  of  the  New  England  states  ranges  It  seems  between  18  and  22.5 
per  mUle  whUe  that  of  the  far  West  states  Is  still  less,  or  less  than  that  of  France, 
and  being  lower  than  the  death  rate  means,  unless  redressed,  ultimate  extinction. 
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hand,  viz. :  that  "he  could  get  along  very  well  without  it."  The 
question  whether  perpetuity  of  race  is  desirable,  is  equiyalent  U> 
asking  whether  anything  human  is  worth  preserving.  It  is  an- 
swered by  science  and  ethics  alike :  whatever  may  be  the  rights  of 
the  individual  over  his  own  life,  the  plain  inference  from  study  of 
nature  is  that  parents  exist  more  for  the  sake  of  children  than 
children  for  parents ;  life  is  essentially  a  sacrifice  of  the  passing 
for  the  coming  link.  The  more  serious  query  for  us  is  to  know 
how  it  may  be  lengthened,  or  extinction  avoided.  Not  one  of  us 
cares  to  be  of  a  declining  or  prematurely  dying  race.^ 

Gratification  of  the  gustatory  nerves,  located  at  the  back  of  the 
tongue  (which  is  not  at  all  identical  with  the  appeasing  of  hunger), 
together  with  the  convivial  propensity  of  man,  a  corollary  of  his 
gregariousness,  is  responsible  for  a  part  of  his  shortened  longevity. 
It  has  its  double  aspect  of  physiological  and  psychical  influence. 
No  people  suspect  their  daily  food^  or  beverage,  to  be  harmful ; 
for  the  most  part  they  would  as  soon  tolerate  criticism  of  their 
religion,  their  patriotism,  their  wives,  as  their  bill  o£  fare,  but  each 
in  turn  freely  expresses  his  contempt  for  the  table  of  the  others. 
Is  there  not  some  underlying  vice  in  the  habitual  food  of  the  civ- 
ilized world,  which,  of  coui*se,  includes  its  preparation?     Of  the 

^  On  this  very  point  an  Interesting  and  Instructive  bit  of  testimony  has  recently 
come  to  hand. 

The  opportunity  of  studying  the  aboriginal  life  of  these  interesting  islanders  in  the 
Faciflc  Ocean  is  passing  before  our  anthropologists,  and  physiologists  have  extracted 
the  whole  lesson  for  the  benefit  of  learning.  The  British  Government  recently  ap- 
pointed a  commission  to  examine  into  the  decline  of  the  population  of  the  Feejce 
Islands.  The  proceedings,  intensely  amusing,  might  have  been  more  Instructive  had 
it  been  composed  in  part  of  trained  feminine  obstetricians.  The  Inquiry  disclosed  a 
birth  rate  surprisingly  high,  much  higher  than  the  average  of  Europe,  and  a  death 
rate  still  higher,  and  all  sorts  of  reasons  were  offered  to  account  for  it;  as  It  was  a 
concomitant  of  the  coming  of  the  Caucasian  race,  the  onus  fell  on  traders  and  mis- 
sionaries. The  testimony  of  an  elderly  accoucheuse,  familiar  with  both  conditions, 
revealed  the  fact  that  the  native  women  had  become  indifferent  to  the  obliteration  of 
their  own  people,  and  this  because  the  joyousness  and  sans  souei  had  been  taken  out 
of  their  lives;  a  sense  of  sin  had  been  introduced  and  these  Gardens  of  the  Hesper- 
ides  had  been  turned  into  vales  of  tears  and  disciplinary  plantations,  workshops  and 
hospitals  for  which  the  hopes  of  a  celestial  reward  are  deemed  no  compensatlOD. 
The  same  lesson  is  to  be  drawn  from  the  Hawaiian  group;  the  advent  of  the  superior 
race  is  fatal  not  merely  to  the  life  of  the  inferior  race,  but  the  sad  grind  of  money  get- 
ting, the  worry  of  competition,  and  modem  fashions  is  fatal  to  contentment. 

Is  it  not  even  so,  in  a  degree,  with  our  competitive  civilization  and  religious  creeds 
in  Christendom  Itself,  and  In  Buddhist  lands?  Have  they  not  cast  an  artificial  gloom 
over  lives  that  would  be  full  enough  of  sadness  without  them  ?  What  a  pity  that  some 
effort  has  not  been  made  to  discover  the  source  of  that  uncomplaining  stolidity  of  the 
red-skin  papoose  as  I  have  often  seen  it,  carried  on  the  back  of  its  mother;  or  of  the 
general  glee  and  absence  of  painful  cries  in  the  Japanese  babies  as  compared  with 
those  of  the  Westeni  lands. 
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grass  seeds  which  famish  the  staple  for  the  bulk  of  the  world,  rice 
constitutes  at  least  half.  Christendom  prefers  the  wheat,  rye  or 
maize,  which  we  esteem  as  the  superior  grain ;  yet  the  Chinese  and 
Japanese  contnve  somehow  to  nourish  stout  sinews,  though  more 
diminutive  bones,  and  acute  brains  and  courageous  hearts  out  of 
the  blander  grain  without  recourse  to  much  animal  food.  Their 
superior  recuperative  power  in  hospital  against  injuries  and  lesions 
of  disease  is  notable.  The  conquering  quality  of  British  tribes  is 
believed  to  be  due  to  the  ample  ration  of  beef ;  of  the  German  to 
his  of  beer  and  sausage ;  of  the  Mediterranean  littoral,  to  their  free 
use  of  wine.  To  modem  science  we  are  indebted  for  the  explan- 
ation that  the  decoction  of  the  coffee  berry  by  the  Levantines  and 
of  the  tea  leaf  by  the  Mongols  for  ages  has  probably  contributed  to 
their  survival,  by  supplying  a  boiled  or  fermented  liquid,  which  was 
doubtless  comparatively  more  free  from  morbific  bacterial  organ- 
isms than  were  the  polluted  wells  from  which  the  water  was  drawn, 
in  those  densely  crowded  and  ancient  abodes.  The  medical  view 
that  life  is  shortened  more  by  over-eating  than  by  starvation,  in 
its  ordinary  sense,  is  confirmed  by  the  chemist's  laboratory  tests, 
and  by  the  spectacle  of  contrasted  races.  Can  we  not,  while  im- 
parting our  science,  philosophy  and  literature  to  the  Chinese  and 
Japanese,  take  a  lesson  or  two  from  them  on  diet,  and  perhaps  on 
clothing  and  house  furnishing  also  ?  Their  comparative  exemption 
from  phthisis,  insanity  and  neurasthenia  alone  should  put  us  upon 
our  inquiry. 

A  leading  American  physician  has  said,  more  or  less  jocosely, 
that  the  coming  man  compared  with  the  present,  will  be  a  big 
headed,  small  bodied,  puny  limbed,  bald,  toothless,  spectacled  and 
toeless  creature  subsistiug  on  concentrated  foods,  to  which  we  may 
add  the  qualifying  remark  that  he  will  not  keep  coming  for  any 
long  penod.  The  fate  of  that  people  where  teeth  and  eyes  decay, 
and  dentistry  and  opticians  flourish  is  not  at  all  conjectural.  It 
concerns  the  student  of  physiology  and  sociology  alike  to  ascertain 
what  causes  are  at  work  impairing  the  digestive  organs,  the  teeth 
and  eyes  of  civilized  peoples,  and  in  what  respects  the  as  yet  un- 
civilized have  a  manifest  advantage. 

Making  due  allowance  for  the  power  of  accommodation  of  the 
system  whereby  blood  and  tissues  are  made  out  of  so  wide  a  range 
of  food-stuffs,  the  conviction  forces  itself  upon  us,  seeing  the  ef- 
fect of  alimentation  upon  plants  and  animals,  that  while  the  norm 
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may  be  a  shifting  one  from  youth  to  age,  there  is  a  nonn,  and  that 
deviations  from  it  must  tell  upon  the  vigor  and  endurance  of  the 
race.  The  very  general  use  of  salted  and  smoked  meats  for  ex- 
ample :  has  not  that  had  much  to  do  with  the  increase  of  gouty 
and  rheumatic  affections,  usually  attributed  to  acid  fruits  or  wines? 
This  practice  could  easily  be  dispensed  with,  by  the  use  of  cold 
storage  and  desiccation. 

Then  again,  the  civilized  man,  and  especially  the  woman  half  of 
him,  habitually  lives  in  a  warmer,  closer  atmosphere  than  the  savage. 
Have  not  our  air-tight  houses,  with  their  stoves,  steam-pipes,  fur- 
naces and  weather  strips  contributed  not  a  little  to  diseases  of 
the  respiratory  organs?  Nay,  the  presence  of  a  cellar  under  the 
dwelling  rooms  is  a  suspicious  coadjutor.  Then  there  are  the 
germ-dust  gathering  carpet,  curtains,  portieres,  plush  furniture, — 
are  they  not  in  some  degree  responsible  for  the  spread  of  patho- 
genic bacteria  upon  tissues  already  weakened  by  defective  nutri- 
tion? 

An  English  physician,  lecturing  to  a  recent  graduating  class,  as 
reported  in  the  Lancet,  ironically  said,  by  way  of  caution  against 
excess  of  confidence,  that ''  the  average  life  of  a  fact  in  physiology 
is  about  four  years/'  Intended  as  a  reproach  upon  the  practising 
medico  for  his  running  after  new  therapeutic  discoveries,  it  is  also 
an  encouragement  and  a  compliment,  that  one  error  can  be  run 
down,  and  superseded,  it  may  be,  by  another,  in  so  short  a  space 
as  four  years.  Alas  !  it  takes  a  much  longer  period,  on  the  average, 
to  exterminate  some  of  the  so-called  facts  of  social  and  political 
science. 

HI.      PERNICIOUS   COMPETITION. 

Professor  Cairnes  happily  hit  off  one  of  the  most  salient  features 
of  the  literature  of  Political  Economy,  of  the  passing  generation 
at  least,  when  he  styled  it ''  a  more  or  less  handsome  apology  for 
the  present  state  of  things."  One  cannot  but  feel  that  it  has 
been  for  the  most  part  a  thrashing  over  of  old  straw,  and  even 
now  with  enormous  output  of  printed  matter,  there  is  very  little 
beyond  a  rehash  of  the  old  controversies  about  wages,  funds, 
rent,  balance  of  trade,  incidence  of  taxation  and  so  on.  Writers 
divide  themselves  into  three  classes,  each  of  them  defective  with- 
out the  other  two  :  the  historians  and  academicians  who  have  gone 
over  the  writings  of  their  predecessors  and  who  know  but  little  of 
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the  buBiness  of  the  world ;  the  Btatisticians  who  put  faith  in  their 
ability  to  reckon  up  into  tabular  form,  that  which  is  incomputa- 
ble, as  well  as  that  which  is,  and  whose  industry  is  out  of  all  pro- 
portion to  its  yalue  for  scientific  use ;  then  there  are  the  enthusi- 
asts, who  are  profoundly  dissatisfied  with  the  present  distribution 
of  wealth  or  the  conditions  of  industry,  and  who  can  propound 
schemes  of  reform  and  then  turn  the  older  arguments  and  figures 
round  as  upon  a  swivel  in  support  of  the  ideals.  Doctrinaires,  who- 
for  the  most  part  write  the  treatises  and  books  about  finance  and 
trade,  know  but  little  of  the  world  about  them ;  while  the  bankers, 
arbitrageurs  and  movers  of  the  world's  cropB  and  tonnage  are  too 
busy  to  write  about  what  they  understand.  The  result  is  the  liter- 
ature of  political  economy  is  about  one  generation  behind  the 
practice.    Especially  is  this  true  of  international  finance. 

The  new  world  having  a  virgin  territory  to  occupy  and  improve 
has  run  in  debt  to  the  old  somewhat  recklessly.  The  burden  of 
interest  and  repayment  of  the  capital  is  irksome.  Extension  of 
the  debt  at  low  rates  is  dependent  on  capacity  to  pay  if  demanded. 
So  long  as  we  are  handicapped  with  this  mountain  of  debt,  it  is  in 
the  power  of  a  few  foreign  holders  of  our  promises,  or  titles  to 
property,  to  bring  on  a  panicky  feeling  at  any  time  they  choose- 
though  fortunately  it  is  not  for  their  interest  to  do  so— but  the 
time  may  come  when  it  will  be.  Besides  this  hampering  of  debt, 
there  has  been  an  unconscious  extravagance,  of  which  we  shall 
have  more  to  say  when  we  speak  of  the  tendency  of  luxury.  In  a 
wholesale  way,  we  have  been  exchanging  our  liens  on  and  evi- 
dences of  ownership  of  lands,  timber,  railroads,  manufactories, 
mines,  breweries  and  the  like  for  shiploads  of  merchandise,  the 
bulk  of  which  we  should  have  been  the  better  for  not  having  at  all, 
and  nearly  all  of  which  we  might  have  made  for  ourselves.  To 
get  square  will  cost  us  hard  work  and  self  denial.  With  the  ex- 
ception of  this  broad  distinction  of  debtor  and  creditor  nations, 
and  of  the  latter  supplying  articles  in  which  there  is  limited  com- 
petition, all  the  world  is  engaged  in  a  general  scramble  in  which 
cheapness  of  production  is  the  goal.  The  industry  of  nations  has 
developed  into  a  species  of  hostile  contest,  not  quite  so  hazardous 
as  actual  warfare,  but  demoralizing  and  exhausting  in  a  less  de- 
gree only.  It  is  as  if  all  marches  were  required  to  be  forced 
marches ;  and  all  business  must  be  conducted  on  the  brink  of  the 
precipice  of  bankruptcy.     It  was  always  so  within  the  confines  of 
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a  given  territory ;  but  the  substitution  of  steam  for  animal  power, 
and  of  dextrous  machinery  for  handicraft,  has  not  only  intensified 
the  competition  within  the  old  boundaries,  but  has  also  set  the 
maritime  nations  to  trying  to  undersell  each  other.  In  this  con- 
test for  cheapness,  standards  of  living,  hours  of  labor,  habits  of 
frugality,  depth  of  purse,  vigor  of  body  and  acuteness  of  mind, 
all  have  their  part  to  play,  and  the  efficiency  and  economy  of  gov- 
ernment, stability  of  institutions,  probity  of  character,  are  also 
pitted  against  each  other.  Individually  and  collectively,  an  ordeal, 
growing  more  and  more  severe,  confronts  all  trade,  agriculture 
and  manufactures.  When  the  five  hundred  millions  of  Eastern 
Asia  shall  have  grasped  our  mechanical  inventions,  it  is  idle  to 
suppose  the  occidental  standard  of  living  can  be  maintained  if  the 
regime  of  unrestrained  competition  is  to  continue. 

This  is  the  crux  of  the  labor  problem,  and  also  in  large  part  of 
the  commercial  and  financial  problem.  To  the  older  writers  aim- 
ing their  arguments  against  the  arbitrary  and  often  absurd  re- 
straints of  trade  by  statute,  it  seemed  as  if  perfect  freedom  of 
trade  was  an  ideal  state  of  things,  to  usher  in  a  millennium.  The 
question  has  become  too  broad  for  local  statutes.  Freedom  of 
trade  breeds  extravagance,  improvidence,  overproduction,  followed 
by  panic,  depression,  enforced  idleness,  discontent,  and  so  on  in 
recurring  cycles.  The  struggle  is  too  keen  ;  it  is  the  cosmic  strug- 
gle for  existence  intensified,  socially  wasteful  and  destructive. 
Too  many  men  are  in  trade ;  too  many  trying  to  *'Uve  on  their 
wits,"  with  the  result  that  the  peasantry  of  all  nations  are  being 
worked  too  hard,  and  robbed  of  their  share  of  the  gross  product 
Less  than  half  the  population  of  Christendom  is  at  work,  half  of 
those  in  agriculture,  fifteen  per  cent  in  professions  and  public 
service,  while  ten  per  cent  are  in  trade  and  transportation.  Left 
to  itself,  we  may  be  sure  that  by  natural  selection,  the  weaker  in 
trade  will  be  forced  to  the  wall,  and  the  few  fittest  will  survive, 
but  the  competition  will  not  stop ;  that  must  go  on  unless  some 
general  corrective  is  discovered.  The  tendency  in  domestic  trade 
may  be  found  in  the  mammoth  Department  Stores  which  are  surely 
crowding  out  their  smaller  competitors,  and  this  results  in  such 
dislocation  of  trade  from  its  usual  channels  as  to  engage  the  at- 
tention of  legislatures  and  turn  elections.  It  is  obviously  the 
fact  that  in  nearly  every  city  or  town  there  are  about  five  times 
as  many  merchants  in  a  given  line  of  business  as  are  necessary, 
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each  with  its  corps  of  clerks,  bookkeepers,  delivery  wagons,  etc 
If  the  saving  of  a  concentration  is  shared  with  the  customers,  as 
it  certainly  is  in  practice,  the  community  of  buyers  will  have  no 
reason  to  complain,  but  it  is  otherwise  with  the  producers  and 
manufacturers  who  must  submit  to  the  prices  dictated  by  the  big 
concerns,  who  are  frequently  able  to  take  the  whole  product  or 
refuse  any.  The  power  of  concentrated  capital  and  marshalling 
of  labor,  which  has  been  going  on  in  mechanical  occupations,  has 
now  spread  into  trade,  shipping,  finance  and  even  into  educational 
pursuits.  The  smaller  rivals  are  seeking  shelter  with  the  larger 
ones,  by  absorption  or  alliance  to  escape  a  worse  fate,  as  we  noted 
in  the  case  of  political  aggregations.  This  has  led  to  consolida- 
tions and  leagues  under  the  name  of  Trusts  or  other  fiduciary 
contrivances.  Railroads  cannot  escape  from  being  dragged  into 
this  pernicious  rivalry;  they  are  under  control  of  their  patrons 
rather  than  of  their  stockholders.  The  legislatures,  sustained  by 
the  highest  courts,  say  they  shall  not  combine  ^^  in  restraint  of 
trade ;"  though  they  are  reluctant  to  cut  each  other's  throats  in 
competition,  they  are  compelled  to  keep  in  the  game  at  the  same 
rapid  pace  as  their  customers.  Regimentation  and  coercion  in 
labor,  hardly  less  intolerable  than  regimentation  and  obedience  in 
militarism,  are  threatened  unless  some  remedy  can  be  devised. 
Laissez  faire  points  towards  a  cruel  and  despotic  struggle  which 
is  discouraging  in  the  extreme ;  nor  is  there  in  the  province  of 
legislation  apparently  any  adequate  relief. 

The  step  from  a  status  of  slavery  to  that  of  serfdom  with  a 
claim  on  the  land  for  subsistence  was  important;  the  evolution 
from  that  to  voluntary  contract  was  equally  so,  and  no  people 
holding  to  either  of  the  former  systems  of  labor  can  hope  to  con- 
tend against  the  latter.  But  the  regime  of  free  contract  is  hardly 
a  finality.  The  rankest  injustice  is  perpetrated  under  its  forms, 
all  over  the  world,  where  proprietary  rights  are  acknowledged.  It 
is,  of  course,  far  better  to  require  the  consent  of  laborer  and  em- 
ployer, but  with  this  consent  great  wrongs  are  possible  —  are  in- 
deed common.  This  is  a  very  grave  question  in  social  science  — 
^^how  to  put  a  curb  on  astuteness,"  as  a  magazine  writer  has  styled 
it ;  how  to  shield  the  weaklings  and  credulous  from  spoliation  by 
the  crafty  and  unscrupulous.  How  shall  the  ignorant  and  con- 
fiding part  of  the  population  be  safeguarded  against  overreach- 
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iag,  temptations,  wiles  and  wares  set  for  them,  and  for  each  other, 
withoat  opening  the  door  to  still  greater  evils?  These  lares  are 
of  all  sorts  and  degrees  from  the  knave  who  offers  to  sell  coun- 
terfeit money,  or  lotion  to  beautify  the  complexion,  to  the  banks, 
insurance  and  trust  companies  of  many  kinds ;  nor  are  the  learn- 
ed professions  above  setting  traps  for  the  unwary,  or  of  suborning 
the  press  into  becoming  accessories.  Look  at  the  enormous  out- 
lays for  advertising  proprietary  medicines,  which  debauch  and  be- 
fog the  public  conscience,  if  they  do  not  injure  the  public  health.^ 
It  is  not  easy  to  suggest  a  rectification  of  the  evils  of  unbridled 
competition,  especially  where  statutory  restraint  is  either  aggrava- 
tive  or  impotent.  With  some  hesitation  I  venture  to  point  out 
some  of  the  underlying  causes  of  our  trouble. 

>  H.  J.  Davenport,  in  his  recently  published  "  Outllnet  of  Eoonomic  Theory,'* 
tersely  sums  up  the  evils  of  competition  In  trade : 

"The  stimulus  of  private  interest  works  out  in  a  vast  amount  of  crime  and  disor- 
der which  necessitates,  in  policemen,  courts,  juries,  sheriifs  and  lawyers,  the  expen. 
diture  of  social  energies.  Likewise  in  purely  private  affairs  the  expense  of  preven. 
tive  methods  against  ill-faith  and  dishonesty  is  a  weighty  matter.  Outlays  of  this 
sort  would  be  relatively  small  in  the  collectivist  system.  There  are  large  wastes  of 
energy  in  competitive  attempts  to  give  to  cheapness  the  outside  gloss  of  value. 
Shoddy  in  cloth,  paper  In-soles  in  shoes,  clay  in  soap,  marl  In  sugar,  not  only  waste 
the  energy  of  putting  them  In,  but  largely  destroy  the  usefulness  of  the  honest  prod- 
uct.   Socially  speaking  aU  this  cheapness  is  excessively  dear. 

There  is  a  similar  compound  of  waste  In  the  enormous  outlay  for  newspaper  puff- 
ing and  lying.  The  entiz«  system,  also,  of  marketing  through  agents  and  commei^ 
cial  traveUers  has  in  it  large  elements  of  waste.  The  excessive  multiplication  of 
middlemen  generally  taXls  under  the  same  head. 

The  present  system  is  also  responsible  for  hordes  of  human  beings  living  by  their 
wits  or  their  worthlessness  —  social  make-nothings,  paupers,  vagabonds,  speculators 
of  useless  types,  prostitutes.  Parallel  with  these  are  the  respectable  do-nothings, 
the  leisure  rich,  the  inheritors  of  wealth,  the  coupon-cutters.  Within  this  dass  of 
respectable  make-nothings  must  be  reckoned  also  the  valets  and  waiting-maids,  the 
outriders,  hostlers,  servants  and  flunkies  whose  energies  never  work  out  In  any  util- 
ity, for  which  the  world  has  any  real  need.  And  in  a  background  of  misery  stand  the 
unemployed,  with  whom,  as  misery,  we  are  not  at  present  concerned,  but  only  as 
waste.  Never  an  Inconsiderable  class,  they  swell  in  times  of  depression  to  an  enor- 
mous army." 

**Fa8hion  demoralizes  industry  and  fosters  starvation.  Warehouses  are  flUed  with 
•ommodities  to  supply  a  demand  that  has  vanished,  or  to  forestall  a  demand  which 
never  appears.  Disaster  and  ruin  result.  A  novelty  ctrlkes  the  popular  fancy ;  there 
follow  immense  profits.  Intense  production,  multiplied  factories,  prosperous  allied 
industries,  growing  cities,  inflocking  laborers.  Investment,  speculation.  Fashion 
grows  cold  when  the  commodity  becomes  cheap  and  plenty;  then  failure,  dosed 
factories,  cancelled  capital,  collapsed  boom,  idleness,  hunger  and  riot.  Almost  all 
industrial  centres  know  something  of  this  experience.  All  over  the  world  there  are 
Nottinghams  regretting  a  banished  lace  industry.  The  foe  of  Industrial  peace  Is 
ebb  and  flow,  change  and  uncertainty.  Fashion  in  commodities  is  parent  to  business 
gambling,  great  fortrmes,  great  losses,  feverish  activity,  feverish  lassitude,  fluctuation 
and  bankruptcy  "    (pp.  805  et  seq.) . 
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First,  let  me  ask  ^*  why  do  men  engage  in  and  remain  in  trade ; 
or  enter  upon  any  of  the  professions?"  The  nsnal  answer  is,  ^^  to 
earn  a  livelihood ;"  but  this  is  not  all.  In  civilization  certainly 
there  is  the  further  motive  of  a  desire  to  succeed,  to  become  a 
master  in  the  craft  if  possible,  and  whether  or  no,  to  amass  some 
surplus  of  possessions  as  a  provision  for  old  age,  to  win  society 
prizes,  to  dower  daughters,  start  sons  in  business,  perhaps  found 
a  house,  endow  a  charity,  build  a  monument,  or  leave  a  fortune,  all 
of  which  motives  are  of  the  mind.  We  each  of  us  see,  or  think  we 
see,  the  wisdom  or  necessity  for  any  one  or  more  of  these  aims  and 
purposes  in  life.  Men  and  women  are  the  slaves  of  ideas,  and 
words  stamp  ideas  so  firmly  on  the  average  mind  that  they  are  with 
difl^culty  dislodged.  What  different  ideas  are  conveyed  by  the 
words  ^^  success  in  life !"  Not  one  in  a  thousand  analyzes  the 
thought  to  see  its  relativity  or  instability.  If  there  were  no  need 
for  a  provision  for  old  age,  or  for  charity  bequests,  the  extra  in* 
dustry  would  be  needless  too.  If  there  were  not  the  ambition  to 
win,  to  excel,  to  outrun  or  outgather,  the  tremendous  exertion  of 
the  rivalry  would  be  stupid.  Partial  attempts  are  made  to  do  away 
with  the  necessity  for  individual  provision  for  the  infirmities  of  old 
age  by  providing  retiring  pensions  for  the  army,  and  in  some  coun* 
tries  for  civil  officers  also.  For  those  not  directly  in  the  service  of 
the  state,  poorhouses  (which  are  too  often  poor  homes)  are  estab- 
lished by  law ;  and  some  states  now  propose  to  aid  by  labor  pen- 
sions also.  These  arrangements  are  the  Just  and  necessary  sequel 
of  a  state  of  things  where  human  life  and  vigor  are  sacrificed  whole- 
sale in  the  strife  for  cheap  production.^ 

Second, — ^The  eradication  of  the  vanity  of  emulation,  the  desire 
for  distinction,  may  be  more  difficult,  but  something  might  be 
effected  in  that  direction.  Suppose,  for  the  occasion,  that  there 
were  no  prizes  to  run  for,  there  would  be  less  racing ;  I  mean  not 
material  trophies,  but  the  distinctions  and  adulations  of  winning 
in  any  contest,  athletic,  professional  or  social.     If,  by  some  happy 

1  Mr.  FUmBoU  convinced  hie  goTemment  that  near  2,000  sailors'  lives  were  reck, 
lessly  lost  yearly  throagh  overloading.  We  may  note  in  passing  that  the  need  of 
such  provision  is  seldom  found  among  proprietors  of  the  soli,  small  or  large;  the 
farm  is  the  savings  bank  and,  in  the  hands  of  a  practical  farmer,  a  very  good  one. 
Neither  is  the  working  farmer  often  spurred  by  the  ambition  or  vanity  "to  cut  a 
Hgnre**  or  win  some  distinction  in  the  society  ranks.  If  himself  or  family  takes  a 
premium  at  the  county  fair,  it  is  as  a  sort  of  contribution  to  the  common  enjoyment, 
and  not  as  a  distinction  of  social  caste,  nor  does  he  require  the  relief  of  pauper  acts 
In  old  age. 
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contrivance,  as  much  pains  were  taken  to  encourage  confraternity 
and  equality  of  estimation  as  are  now  taken  to  encourage  leader- 
ship, and  dissimilarity  of  estimation,  would  not  much  of  the  social 
strife  and  worry  disappear?  Within  the  family  such  inequaUties 
are  generally  frowned  upon.  Can  we  not  extend  the  ethics  of 
the  family  beyond  its  pale  to  the  whole  social  organism?  The 
idolizing  tendency  of  human  nature  is  one  not  to  be  proud  of  or 
stimulated,  but  rather  to  be  repressed.  Why  would  it  not  be  well 
to  commence  with  infancy,  in  school  or  business,  and  abolish  all 
prizes,  honors  and  bribes  of  every  sort  for  simple  good  conduct, 
or  for  doing  one's  best?  Where  there  are  winners  there  must  also 
be  losers ;  and  for  the  latter  there  is  very  little  regard  outside  the 
family,  which  discouragement  is  of  itself  conducive  to  further  fail- 
ure, bitterness,  malice  or  suicide.  The  office  should  seek  the  man 
rather  than  go  to  the  persistent  intriguer  or  shameless  *'  hustler." 
Aside  from  the  fostering  of  an  unwholesome  sense  of  superiority, 
does  not  the  whole  practice  of  merit  marks  and  competitive  ex- 
aminations of  our  schools  and  colleges  work  badly,  in  favor  of  a 
certain  superficial  readiness  of  mind  which  wUl  have  advantage 
enough  over  a  less  precocious  maturity  without  conventional 
badges?  The  honors  and  emoluments  of  public  and  private 
station  go  together,  a  duplication  of  pay.  It  is  one  of  the  most 
sombre  traits  of  the  older  civilizations  surviving  in  great  vigor, 
the  readiness  to  tail  into  line  obediently  behind  the  nominal 
leader.  When  physical  prowess  was  the  surest  road  to  distinc- 
tion, the  sway  of  one-man  power  was  a  necessity.  In  these  days 
of  deliberative  assemblies  of  quasi-equals,  it  is  a  vestige  of  former 
subservience.  Perfect  equality  of  mind,  or  stature,  we  shall  not 
have;  but  there  is  no  Justification  for  putting  the  tall  man  on 
stilts  and  lopping  off  the  shorter  ones.  This  is  just  what  our 
present  civilization  is  blamable  for  doing.  The  winner  if  only  by 
a  nose  length,  or  by  a  scratch,  is  elevated  out  of  all  proportion 
to  his  excellence.  If  we  must  "play  pretend"  at  all,  why  not 
minimize  the  differences  between  coadjutors,  rather  than  exagger- 
ate them  ?  Some  may  declare  that  all  men  not  being  alike  they 
cannot  be  treated  alike.  Certainly  not,  but  we  ought  not  to 
magnify  or  multiply  the  rewards  for  the  superiority  which,  if  it  does 
exist,  nature  is  sufficiently  discriminative  without  the  help  of  social 
man. 

Third.    Corollary  to  the  provision  for  maintenance  in  old  age 
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or  disability  is  the  necessity  for  some  system  of  more  constant 
and  steady  employment  prior  to  decrepitude.  At  the  best  of  times 
fnlly  ten  per  cent  of  able-bodied  laborers,  mechanical  or  factory 
hands,  are  living  in  enforced  idleness,  and  in  times  of  depression, 
the  percentage  is  very  mnch  higher.  The  difficulty  here  too  is  in 
part  psychical.  It  is  not  enough  that  the  laborer  wanting  work 
and  the  employer  wanting  work  done  succeed  in  finding  each  other ; 
the  latter  must  be  satisfied  not  only  as  to  the  wage  he  can  pay 
out,  but  also  as  to  the  character  of  the  proposing  laborer ;  he  does 
not  want  to  introduce  discontent  or  disorder  among  his  men.  This 
trust  or  confidence  is  almost  impossible  in  an  idle  population 
drifting  across  a  continent.  Without  going  so  far  as  to  affirm  the 
right  of  the  willing  laborer,  even  if  he  have  a  family  depending  on 
his  exertions,  to  employment  by  the  state ;  still  the  community  has 
him  and  his  family  to  support  in  some  way  ;  why  not  do  so  in  a 
systematic  and  economical  way  ?  It  may  be  said  that  it  would  dis- 
courage saving  habits,  but  the  present  plan  does  worse ;  it  begets 
a  lack  of  sympathy.  If  every  county  in  each  State  (it  would  oper- 
ate badly  to  have  it  in  some  and  not  in  others  adjacent)  were  to 
lay  out  in  advance  some  useful  public  work,  sufficient  to  employ 
the  quota  of  discharged  laborers,  at  a  bare  living  wage,  to  prevent 
tumult  and  pillage,  credit  being  resorted  to  if  necessary,  the  posi- 
tive benefits  might  not  be  so  great,  but  the  unseen  dapiage  might 
be  averted.  Central  Park  in  New  York  City  owes  its  existence  to 
an  impromptu  politic  stratagem  of  this  sort ;  and  there  is  not  a 
city  or  county  that  might  not  resort  to  similar  works  of  transport, 
embellishment  or  sanitary  aids,  greatly  to  its  advantage,  and  thus 
mitigate  the  severity  of  panic  waves. 


IV.      SPENDTHRIFT    LUXURT. 

Travelers  in  the  Swedish-Norwegian  peninsula  concur  in  opin- 
ion as  to  the  high  general  average  of  thrift  and  contentment  exist- 
ing in  spite  of  the  uncongenial  climate,  the  paucity  of  manufactures 
for  export,  and  the  presence  of  an  aristocracy  and  a  considerable 
standing  army.  The  extremes  of  riches  and  poverty  are  not  so 
great.  What  a  pity  that  this  Scandinavian  secret  of  contentment 
can  not  be  made  available  in  our  more  fortunate  lands !  True, 
there  is  a  large  consumption  of  ardent  spirits,  but  the  humid  cli- 
mate may  account  for  it,  or  diminish  its  worst  effects.     Then  the 
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ratio  of  illegitimate  births  is  high,  but  this  is  not  to  be  charged  to 
moral  laxity  of  the  women  so  much  as  to  restraint  laid  upon  the 
marriage  of  the  young  men  by  Army  and  Church.  No  very  com- 
plete explanation  of  this  Utopian  satisfaction  is  offered  beyond  a 
pervading  high  literary  standard  due  to  excellent  public  schools ; 
to  a  general  and  steady  industry  on  the  part  of  the  whole  popula- 
tion, male  and  female,  young  and  old ;  and  the  absence  of  preten- 
tious and  ostentatious  displays  of  wealth.  The  latter  may  be  due 
to  an  anxiety  to  escape  the  tax  gatherer ;  but  it  is  refreshing  to 
find  one  instance  where  the  more  liberal  education  coexists  with 
industry  and  contentment,  which  it  is  fashionable  in  some  coun- 
tries to  regard  as  incompatible.  The  same  thing  is  true  of  Hol- 
land, which,  however,  lays  the  world  under  tribute  by  its  floral 
tubers  and  Spice  Island  colonies ;  but  Dutch  thrift  has  made  her  a 
solvent  creditor  nation,  and  in  time  of  stress  she  has  but  to  sell 
her  investments  to  draw  from  others.  Other  examples  might  be 
cited,  Switzerland  for  one.  The  lesson  to  be  deduced  is  the  same : 
that  industry,  thrift,  frugality,  are  the  cure  for  hard  times,  for  inter- 
national competition,  and  contribute  to  good  morals  and  stability 
of  social  order  and  progress. 

By  way  of  contrast  take  the  example  of  Americans.  There 
are,  in  Greater  New  York,  at  least  ten  thousand  families  besides 
the  young  patrons  of  restaurants  and  hotels  to  a  much  larger 
number,  who  will  eat  spring  chicken  and  spring  lamb  in  spring 
months,  strawberries  from  March  until  June,  and  then  take  up 
some  other  premature  fruit  (without  once  tasting  a  really  perfect 
berry),  who  are  totally  unconscious  that  they  are  indulging  in  any 
extravagance.  The  same  class  in  cities  all  over  the  land  demands 
the  steak  cut  from  the  middle  of  the  ox's  anatomy  and  scorns 
that  from  before  and  behind  it  at  half  the  price.  The  expendi- 
ture of  the  Americans  for  spirituous  liquors  is  about  the  same  as 
the  British,  and  equals  the  cost,  to  the  consumer,  of  the  whole 
wheat  consumption.  The  same  is  true  of  tobacco  which  is  a  mas- 
culine waste.  The  outlay  for  domestic  service  is  a  large  item, 
and  a  considerable  amount  of  it  must  be  set  down  either  to  lux- 
ury or  enfeebled  homemakers.  The  loss  from  household  waste  is 
notoriously  exorbitant.  I  do  not  grudge  the  household  and  farm 
help  all  the  compensation  it  gets  —  for,  if  well  and  conscientiously 
done,  the  cook  is  certainly  as  worthy  of  his  hire  as  the  doctor 
—  especially  if  the  one  would  not  play  into  the  hands  of  the 
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Other.  It  is  truthfully  said  that  the  average  French  family  would 
live  from  the  waste  and  refuse  of  an  American,  and  we  might  add 
that  two  Japanese  families  could  subsist  upon  it.  Nor  is  the 
lavish  outlay  confined  to  the  table  alone ;  it  embraces  nearly  every 
item  of  expense.  The  aggregate  cost  of  dress,  in  cities,  may  not 
be  too  large  for  the  individual  purse,  but  it  exhausts  what  might 
be  surplus  for  investment.  So  of  house  furnishing,  pin-money, 
amusements  and  adornments.  America,  it  is  stated,  takes  dia- 
monds equal  to  the  whole  product  of  the  South  African  mines ; 
furthermore  the  product  could  be  greatly  increased  but  is  pur- 
posely restricted  to  what  the  world's  markets  will  take  at  an  upset 
price.  In  other  words,  the  price  of  this  commodity,  we  will  call 
it,  is  ^^rigged"  for  us,  while  the  grain,  meats,  and  fibres  we  sell  in 
exchange  are  parted  with  at  prices  made  by  competition  with  the 
poorest-paid  labor  of  the  world.  Supposing  a  great  war  to  break 
out  and  we  should  be  obliged  to  realize  on  these  ^investments,"  as 
silly  people  pretend  they  are,  they  would  not  bring  fifty  per  cent 
of  their  first  cost  to  import.  Nationally  speakmg,  I  suppose  the 
gold  and  silver  mining  shares  sold  abroad  will  be  regarded  as  a 
fair  offset  for  any  trickery  of  that  sort. 

Living,  or  rather  working,  in  the  commercial  metropolis  of  the 
continent,  where  is  landed  eighty  per  cent,  in  value  of  the  impor- 
tations of  fabricated  wares,  I  am  continually  impressed  with  the 
prodigality  of  our  expenditures  for  things  which  have  little,  or 
only  a  transient,  value.  The  loss  of  money,  great  as  it  is,  is  only 
the  smaller  part  of  the  injury.  It  is  at  least  debatable  whether  it 
would  not  be  true  economy,  after  having  paid  for  the  goods,  to 
throw  them  all  overboard  in  mid-Atlantic — not  at  all  on  behalf  of 
encouragement  of  home  manufacture  of  similar  articles,  but  to  be 
rid  of  the  pestiferous  example  and  influence.  These  foreign  arti- 
cles not  only  keep  the  nation  poor,  but  also  debauch  the  public 
taste  and  conscience,  set  up  false  standards  of  what  we  can  afford, 
introduce  a  succession  of  absurd  fashions,  and  convert  what  should 
be  stalwart  men  and  women  into  mere  fops  and  imitators.  New 
York  makes  its  living — a  large  share  of  it — in  handling  these  im- 
portations, and  distributing  them  widespread  over  the  continent ; 
and  the  greater  its  trade  of  this  sort  the  more  the  country  is  ruined. 
Its  press  of  course,  from  interest,  if  not  from  conviction,  advo- 
cates the  greatest  freedom  of  trade,  especially  of  so-called  '^objects 
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Of  art "  whereon  the  profits  are  so  large  as  to  leave  a  wide  margin 
for  advertising  purposes.^ 

Consider  for  one  moment  what  we  get :  a  collection  of  millinery, 
bric-a-brac  and  finery  which  sooner  or  later  finds  its  way  to  the 
attic  or  the  rubbish-heap ;  then  reflect  what  we   part  with :    the 
most  precious  part  of  our  inheritance  and  labor,  the  phosphatic 
and  nitrate  constituents  of  the  soil  which  do  not  quickly  reproduce 
themselves  like  the  ice  taken  from  a  lake,  but  are  rather   like  the 
marble  taken  from  the  quarry.     Deforestation  may  be  followed  at 
long  intervals  by  reforestation,  perhaps  after  damage  by  droughts 
and  floods ;  the  draughts  on  the  flsheries  (but  not  it  would  seem  of 
the  seal  fisheries)  may  be  made  good  by  stocking,  or  by  a  close 
season ;  not  so  the  soil,  which  must  be  replenished,  or  it  soon 
ceases  to  repay  the  labor  of  tUlage.  SubsoU  plowing  cannot  go  on 
forever  and  adds  to  cost.  The  same  cereals  and  breadstuflfs  we  sell 
at  bare  cost  of  production,  the  railroads  are  compelled  to  trans- 
port at  a  rate  equal  only  to  the  train-expenses,  leaving  the  burden 
of  interest  on  cost  of  construction  to  be  borne  by  local  or  domestic 
traffic.     The  freight  on  a  barrel  of  flour  from  points  1,000  to  1,500 
miles  inland  to  Liverpool  is  but  a  trifle  more  than  to  cart  the  same 
across  any  single  city,  and  much  less  than  to  convert  it  into  bread. 
Indeed,  dealers  have  exhibited  in  Chicago  loaves,  made  of  Minne- 
apolis flour,  in  Glasgow,  of  the  same  weight  and  cost  as  those  pro- 
duced at  the  lake  port.     It  only  remains  to  complete  the  redudio 
ad  absurdum  to  reimport  the  Scotch  bread  in  competition  with  the 
home-made  article.     This,  however,  is  what  we  actually  did  for 
years  with  our  cotton  and  wool  fibres,  sending  them  to  Europe  to 
be  spun  into  tbread  and  cloth,  and  would  have  continued  to  do  so 
to  this  day  if  the  arguments  of  the  a  priori  economists  could  have 

*  The  assumption  that  In  order  to  sell  Its  own  products  a  nation  muat  purchase  a 
like  amount  from  Its  customers  Is  disproved  every  year  by  Brasil  which  effects  tri- 
angular exchanges;  and  by  the  United  States  which  liquidates  its  indebtedness  by 
book  credits,  loans,  and  disposals  of  shares  and  titles  to  property.  Western  Europe 
has  been  swapping  Ito  fancy  articles  and  superfluities  to  a  tremendous  aggregate  for 
evidences  of  our  indebtedness,  calling  for  annual  interest  and  dividend  payments  and 
tourists  spending  money  of  over  four  hundred  millions.  Whenever  Congress  is  dis- 
posed to  curtail  this  waste  and  bring  the  Income  and  outgo  into  equiUbrlum,  a  chorus 
of  Importers  and  foreign  ministers  goes  up  that  we  are  in  danger  of  tariff  retaliation. 
Having  brought  their  easy-going  customer  to  the  verge  of  bankruptcy,  they  demand 
as  of  right  a  continuance,  and  resent  any  attempt  on  his  part  to  get  out  and  keep  out 
ttf  debt,  as  an  affront  to  themselves.    SetaUation  may  be  left  to  correct  iteeU. 
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prevailecl.  This  is  national  improvidence ;  and  its  logical  outcome 
is  national  dependence  and  national  impoYerishment. 

By  a  provision  of  the  Constitution,  inserted  at  the  instance  of 
the  more  agricultural  provinces,  an  export  tax  was  forbidden  to  be 
levied.  There  has  not  been  as  yet  much  to  regret  in  consequence ; 
but  one  result  is  that  any  advantage  which  the  United  States  may 
possess  either  in  climate,  soil,  or  beneath  its  soil,  must  be  shared 
with  other  nations  at  the  cost  of  extracting  and  transport.  Our 
Canadian  cousins  are  not  so  hampered,  and  are  putting  an  ex- 
port duty  on  logs  and  wood-pulp.  Russia  and  America  have  the 
great  workable  petroleum  fields,  without  which  the  cost  of  illumi- 
nants  would  have  been  enhanced.  How  long  these  deposits  will  last 
is  a  matter  of  conjecture,  and  they  are  obviously  more  or  less  of  a 
speculative  investment.  While  free  competition  was  possible,  there 
was  a  general  rush  to  empty  them  upon  the  glutted  market  at  what- 
ever the  oil  would  bring.  The  State  of  Pennsylvania  would  have 
been  justified  in  expropriating  the  entire  territory  and  conserving 
the  product  for  the  benefit  of  another  as  well  as  the  present  gener- 
ation. It  might  do  BO  yet  with  advantage.  The  alternative  was  a 
combination  of  small  owners  into  one  great  excusable  monopoly. 
When  this  precious  deposit  is  exhausted,  we  shall  have  the  slender 
satisfaction  of  knowing  we  helped  to  light  and  warm  the  world 
at  no  profit  to  the  owners,  unless  the  upbuilding  of  one  or  two  large 
estates  is  to  be  accounted  a  compensation.  A  like  history  is  to 
follow  our  depleting  reservoirs  of  natural  gas.  The  same  reasons 
apply  j9ro  toTito  to  the  anthracite  deposits  in  a  very  limited  area: 
parts  of  five  counties  in  the  same  State  which,  with  the  present 
ratios  of  increase  are  liable  to  exhaustion  in  from  150  to  200 
years.     Anthracite  coal  will  then  be  appreciated  as  a  luxury. 

We  shall  be  told  that  it  transcends  the  province  of  government 
to  dictate  what  people  shaU  like  or  dislike,  or  prescribe  what  they 
shall  eat,  drink,  wear,  or  invest  in ;  that  the  less  it  interferes  with 
individual  liberty  the  better  for  society,  and  so  on.  Partisan  as  I 
am  of  the  largest  individualism  consistent  with  the  equal  freedom 
of  others,  and  the  welfare  of  society,  I  am  loth  to  appear  as  the 
spokesman  of  social  invasion  of  personal  preferences.  Our  duty 
to  truth  obliges  us  to  face  the  facts  ;  and  there  are  apparently  two 
sides  to  this  question.  The  protest  of  Mr.  Spencer  and  his  school 
against  such  restraints  is,  however,  a  claim  that  one  kind  of  want 
is  as  rational  and  legitimate  as  another,  and  is  equally  entitled  to 
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gratification.  It  is  tantamount  to  saying  one  man  has  the  natuial 
right  to  tempt  or  inveigle  another  into  buying  anything  he  can  pahn 
off  on  him  and,  if  carried  to  full  length,  would  not  except  minors, 
imbeciles  or  inebriates.  We  know,  in  fact,  that  the  rule  is  not 
universal.  The  difficulty  arises  in  running  the  boundaries  between 
restraint  and  freedom ;  but  daily  life  and  administration  of  justice 
consist  in  drawing  such  distinctions.  The  gambler,  the  lottery 
dealer,  and  the  pawn  broker  desire  nothing  better  than  freedom ; 
yet  society  does  interfere  with  them.  The  underlying  question 
for  students  is  as  to  what  tastes,  cravings,  instincts  and  aims 
contribute  to  the  good  of  the  race ;  which  of  them  deserve  to  be 
encouraged,  and  which  discouraged,  by  the  State.  On  what  other 
ground  do  all  civilized  nations  tax  spirits,  tobacco  and  gaming 
implements  ? 

In  this  matter  of  national,  or  race  prodigality,  take  a  familiar 
illustration :  the  country  boy  who  has  been  saving  up  his  scanty 
hoard  for  a  whole  year  to  visit  the  county  fair,  or  it  may  be  a  sea- 
side resort  has  no  well-defined  idea  as  to  what  his  purchases  will  be 
for  the  occasion,  no  list  of  demands  to  be  supplied ;  but  it  is  cer- 
tain as  fate  that  he  will  part  with  his  cash  for  what  new  or  striking 
thing  he  sees,  it  may  be  gingerbread,  a  coasting-ride,  or  for  street 
fakirs'  wares.  It  is  just  so  with  the  whole  national  merchandising. 
At  the  bottom  of  every  country  merchant's  list,  there  is,  in  invisible 
ink,  the  further  item:  any  novelty  or  trinket  in  our  line  that 
we  can  sell.  A  demand  such  as  this  is  created  and  supplied  by  the 
same  act,  and  articles  are  being  urged  and  foisted  upon  callow 
customers  far  beyond  their  natural  desires,  beyond  their  proper 
ability  to  buy,  quite  in  the  manner  of  heirs  to  large  estates,  dupes 
of  crafty  cheats. 

These  views  have  been  forced  upon  the  attention  of  economists 
rather  than  propagated  by  them.  Homilies  against  riches  as  hin- 
drances to  post-mortem  rewards  are  plentiful  enough ;  but  they  do 
little  to  curb  ostentatious  or  competitive  displays.  It  \a  not,  how- 
ever, against  the  truly  rich  the  charge  of  profligacy  is  aimed  so  much 
as  against  those  who  would  be  thought  so ;  by  the  masses  who  en- 
tertain the  notion  that  respectability  is  an  affair  of  outside  badges, 
lavish  outlays,  and  make-believe.  Prodigality  among  the  rich  \a 
responsible  for  much  of  this  demoralization  and  ape-like  imitation. 
Country  homes  and  city  mansions  are  tolerable,  even  though  for  the 
most  part  their  owners  are  not  living  in  them  but  occupying  the 
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hotels  of  both  continents.  Yachts,  racing  stables,  dog  kennels, 
wine  cellars,  picture  galleries,  opera  boxes,  equipages,  banquets, 
balls,  costumes,  jewels,  are  not  the  delights  they  are  supposed  to  be 
by  outsiders,  but  paraphernalia,  the  implements  of  a  course  of  tire- 
some and  exhausting  exercises  which  society  imposes  on  its  vota- 
ries for  no  well-defined  purpose,  unless  it  be  to  excite  the  envy  of 
those  who  cannot  afford  them,  or,  an  elaborate  system  of  match- 
making and  place-hunting. 

^'  Shall  a  man  not  do  as  he  likes  with  his  own  ?  "  is  asked.  That 
depends.  Who  does  not  know  in  the  ranks  of  his  acquaintance  a 
proportion  who,  in  good  times  and  bad,  by  a  generous  table,  or 
in  showy  hospitality,  in  dress  or  furnishings,  devour  the  entire 
income  week  by  week ;  people  who  might  be  comfortable  but  who 
never  will  be  rich,  nor  yet  acquire  any  competence  for  old  age. 
The  example  of  their  neighbors  and  the  multifarious  temptations 
of  the  merchants  are  more  than  they  can  stand.  Would  you  then 
destroy  the  inducements  for  acquiring  wealth  ?  Well,  yes ;  some 
of  them,  at  least.  As  already  explained,  I  would  encourage  self 
denial,  and  tnnft  on  the  part  of  rich,  moderate  and  poor  alike, 
until  we  as  a  people  get  out  of  debt  to  others ;  and  after  that  tp 
establish  good  roads,  comfortable,  sanitary  homes  and  pleasure- 
grounds  ;  but  not  to  enter  upon  a  career  of  vanity  and  silly  osten- 
tation. I  am  glad  to  perceive  in  recent  writers  on  economics  a 
much  clearer  and  firmer  note  than  formerly  on  vicious  luxury.^ 

1 "  The  rich  have  their  responsibility  here  and  their  duty.  Wealth  and  culture  have 
a  special  service  in  their  saying  Influence  toward  higher  standards  of  thought  and 
life  and  away  from  the  raging  materialism  of  modem  society.  And  note  that  the 
distinction  is  world-wide  between  luxury  and  ostentation.  That  which  the  rich  de- 
sire for  itself  and  not  as  the  badge  of  precedence  or  the  target  for  silly  envy,  they 
may  well  have— but  only  on  condition  that  they  rather  hide  than  flaunt  it.  Society 
is  greatly  in  need  of  lessons  in  plain  living  and  high  thinking.  It  is  a  fallacy  to  sup. 
pose  the  wastes  of  the  rich  are  necessary  for  the  employment  of  the  poor.  The  con. 
sumption  of  the  rich  determines  whether  the  laborer  shall  produce  this  or  that,  and 
not  whether  he  shall  produce  at  all.  If  the  rich  refrain  in  some  measure  from  con. 
sumption,  their  saving^  profit  society  under  the  form  of  capital  in  the  production  of  a 
larger  social  dividend.  But  the  changing  demands  of  vanity  stand  to  society  for  more 
than  waste  and  overwork.  They  corrupt  art ;  they  confuse  and  disturb  the  organization 
of  industry.  First,  they  corrupt  art;  no  beautiful  fashion,  if  once  attained,  is  safe  to 
stay.  If  grace  and  simplicity  come  as  fashions,  they  go  as  fashions.  The  greed  of 
novelty  leaves  the  beautiful  behind  as  antiquated,  to  be  succeeded  by  the  ugliness  of 
humps  and  wings.  From  champagne  to  plumes  of  slaughtered  birds,  from  skunk 
skins  to  jewelry,  there  is  nothing  permanent  but  novelty,  no  custom  but  change.  And 
note  that  as  soon  as  nothing  in  Art  which  is  good  can  abide,  there  will  be  nothing 
really  good.  When  the  best  work  can  have  but  a  butterfly  life  there  will  be  no  best 
work." 

"  It  Is  at  first  thought  odd  that  unrest  should  especially  mark  the  nineteenth  oent- 
ury.    The  world  Is  rich  and  growing  richer,  and  wise  and  growing  wiser.    Vf/ver 
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T.      THE   BLIOHT  OF  PABASITISIC. 

Under  LycorguB,  the  pioneer  social  reformer,  the  Spartans  held 
property  in  common.  Satisfactory  as  the  experiment  was,  it  can- 
not be  repeated,  not  even  by  imperial  decree,  without  a  supporting 
public  opinion.  To  abolish  individual  property  may  not  be  possi- 
ble now  even  by  revolution,  nor  does  it  appear  to  be  necessary  or 
desirable,  but  some  sort  of  restriction  upon  acquisition  and  trans- 
mission is  desirable.  '*Can  any  man,"  ask  the  Socialists,  ''honest- 
ly accumulate  so  much  as  one  million  of  dollars  during  his  adult 
lifetime?"  A  slight  acquaintance  with  either  arithmetic  or  the 
investment  of  money  at  compound  interest,  or  in  the  profits  of  trade, 
or  agriculture,  or  pasturage,  will  show  that  he  can.  The  familiar 
example  of  the  blacksmith,  who  was  to  receive  for  shoeing  the  horse 
a  penny  for  the  first  nail,  two  for  the  second,  and  so  on,  doubling  for 
the  whole  series  of  32,  with  a  progressive  doubling  —  not  a  remark- 
able increase  for  farmer,  trader  or  stockraiser  in  each  year  —  proves 
that  he  may  become  the  owner  of  many  millions,  provided  the  rate 
of  increase  could  be  kept  up  for,  say,  a  fifty-year  period.  The  fruc- 
tifying power  of  seeds  and  plants,  or  of  domestic  animals,  forms  the 
basis  of  about  all  the  wealth  of  men  and  nations,  that  from  mines, 
quarries  and  fisheries  being  inconsiderable.  To  a  man  not  in  either 
pursuit,  it  is  practicable,  as  I  personally  knew  a  teacher  to  do,  to 
lay  aside  one  dollar  per  day  between  twenty  and  seventy,  investing 
in  good  mortgages  (formerly  yielding  seven  and  six  per  cent.)  and 


before  would  a  day's  labor  bring  so  many  dollars  or  buy  so  mnch 

A  larger,  wealthier  life  Is  open  to  ns,  and  It  ought  to  be  a  greatly  happier  life. 
And  yet  we  ask  ourselyes  what  does  It  all  profit?  Pass  rapidly  over  in  thought  the 
question  whether  with  all  our  centuries  of  aohleyement  we  are  so  greatly  better 
off  than  the  Greeks  without.  Is  the  greater  rush  and  push  of  life  a  good  thing  in 
Itself?  What  does  it  mean  that  the  insane  asylums  yearly  build  larger  for  minds 
unstrung  by  tension  ?  How  about  the  multiplication  of  suicides  ?  Likewise  our  prison 
populations  are  not  disappearing  as  the  good  things  of  life  become  cheaper,  but  theft 
somehow  grows  out  of  plenty. 

There  is  a  grim  paradox  in  civilization  somewhere.  Wherein  do  we  fail,  or  waste, 
or  misuse?  How  is  it  with  all  our  opportunities?  Our  harvests  somehow  do  not  al. 
together  shield  us  from  hunger  or  our  loomv  from  tatters.  What  does  it  mean  that  as 
science  grows  and  wealth  multiplies  the  cry  of  poverty  swells  louder  and  louder,  and 
that  discontent  is  the  fixed  malady  of  our  civilization?  ....  Splendor,  no  matter 
how  much  labor  it  has  cost,  is  not  splendor  when  it  has  become  general.  All  may 
as  well  stand  stlU  as  run  in  an  equal  race.  Thus,  material  progress,  so  tar  as  it  is 
directed  to  competitive  show,  cancels  itself  in  a  strife  for  precedence.  There  Is 
no  share  of  gain  in  it  for  any  one,  which  does  not  stand  for  discontent  and  heart- 
ache for  some  one  else.  All  ostentation  is  waste  from  the  point  of  view  of  society 
a»  a  whole.  For  the  poor  It  aggravates  their  poverty."— Da vbkport  :  "  Outlinet 
Economic  Theorv.** 
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the  total  is  surprising  to  one  who  has  not  made  the  calculation, 
every  dollar  of  it  lawfully  and  honestly  earned.  The  clamor  against 
millionaires  as  such,  which  disgraces  much  of  our  social-science  lit- 
erature, to  say  the  least,  is  out  of  place.  The  more  of  them  the 
better — ^unless  it  can  be  shown  that  they  have  engrossed  what  be- 
longed to  others ;  or  their  use  and  disposition  in  some  way  contra- 
venes the  general  welfare.  It  ought  to  be  added  that,  the  rates  of 
interest  now  being  lower,  five  and  four  instead  of  seven  and  six  per 
cent,  and  the  profits  from  merchandising,  farming,  grazing  and 
many  forms  of  manufactures  and  transportation  being  halved  and 
quartered  by  the  competition  of  the  larger  surviving  concerns,  the 
chances  of  becoming  a  half  millionaire  by  mere  saving,  without  re- 
sort to  speculation  or  usurious  rates  of  interest,  are  much  more 
remote. 

Suppose  we  take  instead,  the  case  of  a  person,  it  may  be  a  bright 
capable  young  man,  a  young  woman,  or  even  an  imbecile  ward  under 
guardianship,  who  inherits  so  moderate  a  sum  as  $10,000  during 
infancy,  who,  if  he  is  fortunate  enough  to  have  guardians  of  judg- 
ment and  probity,  such  a  one  may  unknowingly  become  a  millionaire 
without  labor  or  economy.  If  one  were  able  to  add  to  this  stor6 
further  savings,  and  escape  severe  losses,  the  fortune  might  become 
very  large,  without  encroaching  on  the  rights  of  borrowers  or  lenders. 

It  is  an  interesting  inquiry  raised  of  late  by  the  movement  in  favor 
of  taxing  inheritances  now  sweeping  from  one  State  to  another ; 
whether  such  an  inheritance  is  honestly  obtained,  or  if  so,  whether 
it  is  for  the  best  interest  of  society  that  it  so  passes  by  descent  or 
gift,  to  direct  or  collateral  heirs.  The  answer  to  this  class  of  ques- 
tions is  not  to  be  derived  deductively  from  moral  or  legal  maxims, 
but  from  observation  in  practice.  The  reasons  for  a  change  in  the 
policy  of  inheritance  and  descent  of  large  estates  I  have  already  pre- 
sented to  the  Section,  at  some  length,  and  may  be  briefiy  summed  up 
as  follows : 

First, — Under  the  regime  of  free  competition,  the  desire  to  accu- 
mulate great  wealth  is  not  only  laudable,  but  necessary.  Business 
and  investments  are  by  it  turned  into  precarious  lotteries.  An  ex- 
cess of  care  and  fortune  becomes  necessary  to  guarantee  mainte- 
nance during  decrepitude,  the  rearing  of  surviving  children,  and 
support  of  relict,  all  of  which  might  be  accomplished  with  less  cap- 
ital if  more  complete  assurance  could  be  had.  This  I  am  persuaded 
ought  to  be  and  can  be  furnished  by  the  State. 

Second. — ^The  further  desire  to  secure  by  testamentary  disposition 
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for  offspring  more  than  an  even  chance  in  life  by  setting  the  sons  np 
in  business,  or  of  leaving  portions  or  dowries  to  the  daughters  after 
death  is  neither  so  necessary  nor  so  laudable,  if  we  judge  by  the  re- 
sults. It  cuts  the  nerves  of  self-reliance  and  engenders  a  feeling  of 
**great  expectations,''  of  rewards  that  have  not  been  earned ;  it  en- 
courages parasitism  and  creates  sharpers  and  their  dupes,  stimulates 
fortune-hunters,  and  multiplies  marital  misery.  Besides,  it  is  con- 
trary to  good  morals  and  sound  policy  to  hold  out  the  hope  of  ad- 
vantage through  the  death  of  another,  whether  he  be  of  near  or 
remote  kin.  The  profligacy  of  heirs  to  large  fortunes,  the  demoral- 
ization and  degeneracy  of  spendthrifts  and  their  retinue  need  no 
amplification.  As  a  contrivance  to  secure  the  marriage  of  daugh- 
ters, it  is  remarkable  at  present  chiefly  for  the  success  of  the  money 
bait  in  attracting  the  needy  or  degenerate  holders  of  titles  to  nobility, 
and  is  no  improvement  on  the  plan  mentioned  by  Herodotus  wliere 
the  more  comely  maidens  wei*e  annually  bid  for  at  auction,  the  pre- 
miums going  to  the  less  attractive  to  whatever  extent  was  neces- 
sary to  secure  a  consort. 

Third. — The  difficulties  attending  succession  are  by  no  means  so 
trifling  as  they  may  appear  to  those  who  are  not  put  to  the  trouble. 
Public  sentiment,  following  custom  long  established,  dictates  thai 
a  man's  possessions  shall  be  divided  among  his  own  children  and 
blood  relatives,  with  a  reservation  in  favor  of  his  widow,  if  there 
be  one ;  and  the  statutes  have  been  framed  on  that  policy  in  cases 
of  intestacy.  The  couits  are  more  and  more  inclined  to  interpret 
ambiguous  phraseology  to  that  end,  and  to  annul  wills,  or  por- 
tions of  wills,  to  the  contrary  tenor,  except  upon  the  clearest  dec- 
laration of  intention  and  choice  of  instrumentalities.  This  is  an 
attempt  to  curtail  that  plea  of  '^  undue  influence  "  which  forms  the 
basis  of  most  testamentary  contests,  and  which  breeds  scandals, 
family  quarrels,  and  wasteful  litigation.  In  olden  times  there  was 
hardly  a  possibility  of  a  large  estate  being  passed  without  a  liberal 
slice  to  the  Church,  and  many  States  have  expressly  limited  the 
share  which  may  thus  be  awarded  to  those  not  of  kin  or  to  elee- 
mosynary institutions ;  others  have  suggestively  forbidden  bequests 
to  priest,  doctor  or  counsel  in  attendance  during  the  last  Illness. 
The  drafting  of  probated  wills  reveals  a  disposition  to  withhold 
the  principal  sum  from  children,  for  whicn  trustees  are  appointed, 
giving  merely  the  income,  the  capital  going  to  the  grandchildren  as 
being  perhaps  less  likely  to  misuse  it  than  their  parents. 

Fourth. —  The  bequests  to  charity,  though  undoubtedly  in  many 
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instances  perverted  to  founding  and  maintaining  useless  sinecures, 
are  not  so  numerous  nor  so  large  as  to  constitute  a  menace  to 
society.  Contrariwise,  they  should  be  encouraged  and  made 
more  general,  and  be  more  effectively  carried  out.  At  the  same 
time  the  attitude  of  mendicancy  is  not  favorable  to  manly  inde- 
pendence or  intellectual  vigor,  either  on  heirs  of  the  blood  or  on 
institutions  (unless  scientific  research  be  an  exception) .  Philan- 
thropic aims  may  be  rendered  more  certain  either  by  concentration 
into  systematic  method,  or  by  oversight  and  positive  regulation 
from  an  exterior  authority.  It  is  a  hopeful  sign  that  the  endow- 
ments, formerly  going  exclusively  to  churches  and  missionary 
efforts  and  the  like,  are  now  gohig  more  and  more  to  technical 
and  scientific  institutions. 

Fifth, —  I  need  not  discuss  here  the  power,  or  the  wisdom,  of  the 
taxing  of  legacies  by  the  State ;  it  is  here,  and  promises  to  remain 
and  grow.  The  only  question  for  the  sociologist  now  is :  Shall  the 
very  considerable  revenues  derived  from  these  sources  be  mingled 
with  the  general  treasury  and  be  expended  for  any  or  all  State 
purposes,  as  in  New  York  and  many  States ;  or,  shall  an  effort  be 
made  to  segregate  this  money  and  dedicate  it  to  special  purposes 
of  benevolence,  charity,  and  embellishment,  thus  to  invite  and,  if 
wisely  carried  out,  to  win  in  advance  the  consent  of  the  owners 
ot  large  properties  ?  I  believe  it  is  in  the  power  of  law,  and  within 
the  compass  of  economic  skill,  to  provide  a  residuary  legatee  for 
every  such  person  superior  to  any  other  he  could  choose  or  contrive 
for  himself,  so  that,  in  fact,  it  would  practically  make  no  difference 
whether  he  executed  a  will  or  not ;  or,  if  there  were  any  differ- 
ence, that  the  machinery  provided  by  the  State  would  be  more 
sure  to  meet  his  views  than  any  he  could  select.  Nothing  would 
prevent  him  from  distributing  his  estate  during  life,  if  he  felt  so 
inclined ;  but  on  the  other  hand  a  portion  of  all  beyond  what  was 
necessary  to  a  competence  to  infants,  to  the  disabled  or  incom- 
petent, would  be  turned  over  to  a  Department  of  Beneficence, 
managed  by  skilled  men  as  are  our  State  Universities  and  the 
Smithsonian  Institute,  who  should  organize  and  methodize  the 
philanthropic  impulses  of  the  rich  with  the  ample  revenues  at 
command  much  better  than  the  hap-hazard  litigious  course  now 
open  to  them. 

Sixth, — The  same  agency  thus  entrusted  with  the  dispensing 
of  voluntary  as  well  as  involuntary  bequests,  might  be  availed 
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of  to  do  away  with  much  of  the  necessity  for  hoarding  or  amass* 
ing  riches,  and  to  strip  from  great  wealth  some  of  the  dangerous, 
or  mischievous  homage  paid  to  it,  which  is  the  cause  of  so  much 
friction  and  clashing  in  lives  that  otherwise  might  be  serene. 
Annuities  might  be  granted  for  the  life  of  the  purchaser  or  for  the 
life  of  others,  objects  of  his  care  and  solicitude,  and  thus  help  to 
banish  in  large  measure,  the  fear  of  the  wolf  at  the  door.  The  vicis- 
situdes of  business  and  health,  the  disappearance  or  loss  of  friends, 
the  impatience  of  consanguines  with  enfeebled  dotards,  are  all  real 
causes  for  morbid  acquisitiveness  and  these  might  be  banished  by 
a  pension  or  competency  for  life.  Steady,  though  moderate  in- 
come, is  conducive  to  longevity,  sanity  and  tranquillity. 

By  such  means  the  benefactor  who  is  frequently  at  a  loss  what 
to  do  with  his  possession  could  have  the  double  benefit  of  using 
it  up,  or  all  that  was  of  any  real  use  to  him,  and  at  the  same 
time  of  seeing  the  remainder  of  it  devoted  (without  the  scanda- 
lous shrinkage  which  now  attaches  to  many  of  our  pet  charitable 
societies)  to  the  erection  and  conduct  of  hospitals,  asylums,  re- 
formatories, libraries,  Carnegie  and  Cooper  Institutes,  memorial 
statues  and  edifices,  public  parks  and  promenades,  music  halls  and 
pavilions.  I  hold  it  certain  that  the  most  avaricious  of  heirs 
would  sooner  see  the  contested  wealth  expended  in  such  a  judi- 
cious manner  than  on  court  costs,  lawyers'  fees,  and  the  like,  or 
than  given  to  the  opposite  side.  If  it  be  objected  that  inheritance 
taxes  will  be  evaded  by  gifts  during  life,  it  is  easy  to  see  that  this 
is  one  of  the  objects  aimed  at  —  to  coerce  rich  men  and  women  to 
dispose  of  their  excess  beyond  the  line  of  competence,  and  to  see 
the  good  or  ill  it  works  and  not  leave  this  task  wholly  to  surviving 
society.  There  ought  to  be  a  narrower  limit  drawn  around  the 
power  of  the  dead  hand.  Because  of  the  sagacity  to  amass  a  for- 
tune, there  is  no  reason  in  nature  why  that  fact  should  carry  with 
it  after  death  an  authority  greater  than  to  the  living. 

VI.      THE  ROLE  OF  SUPEBSTITIONS. 

Here  let  me  say,  we  speak  commonly  of  the  sciences  as  if  they 
were  so  many  separate  and  independent  fields  of  work,  with  dis- 
tinct boundaries  between  them ;  and  the  division  of  these  studies 
into  so  many  different  Chairs  in  our  universities,  and  our  own 
classification  under  ten  or  twelve  groups  or  ''sections'*  tends  to 
confirm  this  supposition.    It  should  be  understood  that  Science  is 
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systematic  knowledge,  and  the  pursuit  of  knowledge  according  to 
methods  admitting  of  demonstration  or  reasonable  certainty ;  and 
that  each  portion  is  not  only  interlaced  with  its  near  neighbor, 
but  all  are  more  or  less  blended  and  interdependent,  so  that  any 
great  advance  in  one  affects  the  others,  and,  of  course,  any  back* 
wardness. keeps  back  the  near-related  parts.  The  old  conception 
of  Science  as  a  pyramid,  whereof  languages,  mathematics  and 
geometry  were  the  basis  and  philosophy  and  theology  the  apex,  we 
must  now  disavow ;  nor  is  that  of  a  circle  where  the  several  sec- 
tions could  be  evenly  joined  together  or  taken  apart ;  or  the  con- 
ception of  a  linear  prolongation  as  of  a  tree,  or  vine,  having  roots, 
stem,  branches  and  twigs  a  ti*ue  image.  They  are  merely  conven- 
ient symbols,  but  if  accepted  too  strictly,  they  are  apt  to  mislead. 
The  present  classification,  like  many  it  has  displaced,  is  provisional 
and  subject  to  re-formation  as  a  whole,  as  are  fdso  the  component 
parts.  While  mathematics  and  geometry  remain  substantially  on 
the  bases  laid  out  in  the  infancy  of  science,  other  studies,  such  as 
astronomy,  geology,  physics,  chemistry  and  biology,  have  been 
completely  re-cast ;  nor  ought  we  to  suppose  that  a  finality  has 
been  reached ;  indeed,  there  are  signs  that  portend  a  reconstruction 
to  bring  them  all  into  more  harmony.  From  his  psychical,  pur- 
posive and  cooperative  nature,  man  himself  must  always  be  en- 
titled to  a  lai^e  and  somewhat  exclusive  space  in  scientific  labors 
in  any  scheme  of  science.  Social  science  has  not  yet  had  its 
methodical  re-construction.  Occupied,  as  it  must  be,  largely  with 
men's  wants,  motives  and  passions,  it  is  essentially  psychic,  and 
awaits  the  evolution  of  the  New  Psychology — just  now  renascent — 
before  it  can  claim  to  be  a  science  of  precision  and  prevision. 
Meantime,  there  is  much  to  be  done ;  the  very  terminology  and 
nomenclature,  framed  on  the  old  traditional  theories,  will  require 
to  be  abandoned  or  charged  with  new  meaning  to  fit  them  to  new 
conceptions. 

It  begins  to  look  as  though  the  wrong  road  had  been  taken  in 
psychology,  and  that  very  much  of  the  confusion,  clashing  and 
misery  of  the  world  is  traceable  to  the  error.  It  does  no  good, 
for  instance,  but  harm,  to  assume  as  the  text  books  do,  or  did, 
that  mankind  alone  exemplifies  the  social  faculty ;  that  he  alone  is 
capable  of  mental  development ;  to  deny  a  mind  or  soul  to  the 
other  animals,  when  they  exhibit  such  human  emotions  as  affec- 
tion, fear,  anger,  gi-ief ,  jealousy,  gratitude,  avarice,  shame,  deceit, 
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coquetry,  feigning,  dreaming, — attributes  proceeding,  bo  far  as  tbey 
go,  on  lines  parallel  to  those  traversed  by  all  men  in  the  primitive 
staged  and  by  some  men  up  to  this  day,  but  whom  on  account  of 
their  backwardness  we  call  savages.  They  are  ^'wUd  men"  as 
distinguished  from  the  long  domesticated  man.  As  Huxley  well 
said :  *4t  was  a  great  day  for  humanity  when  man  succeeded  in 
taming  the  canine  brother  of  the  wolf  into  his  companion  and 
servant,  so  that,  instead  of  devouring  the  flock,  he  became  its 
protector."  ^ 

In  order  that  men  and  animals  should  survive  the  inclemencies 
of  the  elements,  the  encroachment  of  plant  and  parasitic  life,  and 
the  attacks  of  carnivora,  there  must  have  been  furnished  by  the 
process  of  selection,  or  by  invention,  the  needed  shields,  and  the 
weapons  to  counteract  these  destructive  forces,  with  sufficient  peace 
and  order  among  their  own  kind  to  ensure  the  rearing  of  offspring, 
or  otherwise  the  race  must  have  long  ago  dwindled  and  perished. 
I  need  not  go  back  over  the  several  important  stages  in  this  prog- 
ress upward,  each  marking  a  fresh  control  over  natural  forces : 
the  bone  implements  succeeded  by  stone,  earthenware,  bronze  and 
iton,  followed  by  the  prodigious  array  of  mechanical  inventions  of 
the  distinctly  historical  periods.  Along  with  this  improvement 
of  man's  environment  and  by  its  aid,  there  has  gone  an  unfolding 
of  mind  faculties,  an  astonishing  amplification  of  that  function  of 
the  nervous  and  cerebral  ganglia,  quite  in  contrast  with  the  growth 
of  function  of  any  of  the  other  sense  organs  of  the  body,  which 
has  made  possible  an  immense  and  complex  use  of  symbols,  and 
a  psychical  predominance  which  puts  a  gap  between  man  and  the 
other  animals.  These  thinking  powers  and  brain  functions  are, 
however,  not  exclusive  to' mankind ;  they  are  shared  by  the  brutes, 
and  by  some  birds,  mammals  and  insects  to  a  high  degree.  Take, 
for  example,  the  remarkable  intelligence  of  the  beaver^  the  horse, 
the  ant  and  bee,  the  magpie,  which  are  sufficient  to  allow  a  high 
degree  of  forethought  and  of  architectural  skill,  and  which  follow 
on  the  same  lines  as  human  thinking,  so  nearly  as  to  disclose  the 
germs  of  what  in  a  man  we  style  civilization,  such  as  language 
iri  ruder  form,  organized  warfare,  defensive  and  offensive,  the 
enslavement  and  domestication  of  captives,  construction  of  store- 

»  Advantage  to  the  dog  and  his  escape  from  extinction  followed.  Sir  John  Lnb- 
lKK:k  has  succeeded  In  teaching  his  dog  to  read;  but  for  ages  dogs  hare  read  the 
countenances  and  gestures  of  one  another  and  of  men  just  ai|  chUdren  do,  and  with 
remarkable  accuracy. 
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bouses  and  barriers  for  future  use,  \  arious  social  and  codperative 
actions,  and  we  may  even  discern  in  some  of  tbeir  assemblages 
promptings  and  bebavior  very  mucb  resembling  our  deliberations 
or  ceremonial  worship.  These  feebler  manifestations  we  have  been 
accustomed  to  pass  lightly  over  as  instincts,  falling  short  perhaps 
of  reasoning,  and  whether  or  no,  as  lacking  the  special  fiaculty 
of  self-consciousness. 

There  is  therefore  a  human  and  a  sub-human  psychology  and 
(if  mere  aggregation  or  association  of  effort  and  action  is  to  be 
accepted  as  a  distinguishing  line  of  division)  a  sub-human  sociol- 
ogy also,  so  nearly  related  that  continual  reference  may  be  made 
from  one  to  the  other  as  in  the  case  of  Comparative  Anatomy 
and  Pathology.  For  that  wide  segment  of  psychic  activities 
peculiar  to  man,  in  which  there  is  not  merely  a  consciousness  of 
likeness,  of  community  of  burdens  and  pleasures,  but  also  social 
purposes,  aims  and  oi^anized  or  systematic  social  efforts,  in 
which  primitive  society  is  conspicuous  (individualism  being  a  later 
growth),  combining  plans  for  security,  comfort,  enjoyment,  aspi- 
rations, opinions,  creeds,  culture,  interdependent  arts  and  indus- 
tries, we  have  no  better  name  than  civilization.  That  I  take  to 
he  the  cement  which  binds  together  individuals  in  a  relation 
external  to  that  of  consanguinity  or  ethnic  derivation.  There  are 
archaic  types  of  this  culture  existing  contemporaneously  with  the 
modem  advanced  ones,  the  strata  being  curiously  intermixed  and 
overlapping,  barbaric  traits  cropping  out  everywhere  upon  civili- 
zation. The  most  convenient  line  of  separation  I  can  think  of 
between  them  for  the  purposes  of  specialty  subdivision,  is  that  of 
literature,  the  writing  faculty  being  the  earmark  of  th  3  civilized, 
and  the  lack  of  it  of  savage,  peoples.^ 

>  If  the  present  dassiflcatioii  is  to  stand,  Anthropology  coTers  all  human  affairs  and 
thoughts  —  a  Held  too  Vast  for  a  single  mind  to  master  in  all  its  detail.  Ethnology, 
AfchsBology,  Somatology  and  spoken  languages  would  seem  to  belong  to  it  some- 
what exclnslyely'. .  How  then  are  the  remaining  human  activities  to  be  divided,  such 
as  civics,  politics,  demography  (vital  statistics}^  economics^  ethics,  esthetics,  arts,  in- 
dustiles;  education,  creeds,  opinions,  folklore,  linguistics?  Dr.  McGee,  in  a  very 
commendable  scheme  of  Anthropology,  has  used  the  word  Sophlology  as  a  generic 
title  for  the  more  psychic  of  these,  which  seems  to  me  to  be  a  more  scientific  and 
more  natural  Hue  of  cleavage  (and  one  which  will  appeal  to  the  sense  of  responsibil- 
ity of  the  Council)  than  Sociology  —  a  hybrid  at  best,  which  not.  even  the  brilliant 
sponsorship  of  Comt«,  Spencer,  Giddings,  Small  and  others  in  professorial  Chairs 
can  reconcile  with  other  sciences.  Any  arbitrary  line  of  separation  is  attended  with 
dlJHculty;  but  if  these  studies  could  be  divided  into  two  or  three  departments,  it 
would  tend  to  reflect  the  present  trend  of  researcii. 
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In  speaking  of  the  passion  for  fighting,  you  will  notice  I  en- 
deavored to  account  for  it  as  being  derived  mainly  from  ancestral 
experience,  and  as  a  trait  common  to  man  and  the  lower  animals. 
We  make  no  difficulty  about  accepting  this  explanation  of  those 
exhibitions  of  the  mind  faculty  we  call  instincts ;  bat  in  regard  to 
the  higher  faculties  such  as  reason,  will,  self-consciousness  and 
the  like,  the  philosophers  have  hitherto  followed  a  different  but  not 
very  satisfactory  explanation,  and  have  sought  to  reserve  them 
to  man  alone.  It  is  only  within  the  recollection  of  those  now  liv- 
ing' that  any  attempt  was  made  to  study  the  mind  with  the  same 
freedom  as  any  other  phenomenon,  and  to  reduce  it  to  an  experi- 
mental and  comparative  method ;  that  is  to  say,  for  upwards  of 
two  thousand  years,  the  notion  of  the  duality  of  man  had  held  the 
field  and  any  profane  meddling  with  the  soul,  as  the  invisible 
self,  ego,  or  personality  was  deemed  sacrilege,  and  would  have  met 
with  ecclesiastical  censure  or  penalties.  The  idea  that  the  soul 
was  something  more  than  a  function  of  the  organism  and  appur- 
tenance to  it,  was  per  se  an  entity,  lawless,  independent,  direct- 
ing, initiating  and  controlling  the  bodily  movements,  and  capable 
of  maintaining  a  varying  struggle  with  the  passions,  emotions, 
instincts  and  intellect,  was  probably  derived  from  Hindostan 
(although  the  doctrinie  of  metempsychosis  or  successive  bodily  ten- 
ancy by  the  same  immortal  soul  was  somehow  dropped  out  in  the 
transit)  about  the  time  of  Socrates  and  Flato,  and  to  them  and  its 
engrafting  on  the  Jewish  mundane  religion.  We  may  attribute  this 
long  fencing  off  of  mental  phenomena  from  scientific  observation. 
The  plodding  German  metaphysics  has  done  much  to  befog  and  en- 
courage this  cult  of  separable  states  of  the  mind  and  personality. 

There  are  other  traits  besides  the  combative  to  be  traced  back  to 
this  race  experience,  such  as  the  awe  of  the  dead,  or  death-bed 
and  burial,  the  sense  of  duty  or  ^^oughtness/'  the  propensity  for 
lying  and  stealing  styled  '^original  sin,*'  the  feeling  of  premoni- 
tions, and  of  a  previous  existence,  the  craving  to  penetrate  the 
future.  Out  of  these  ingrained  mind-traits,  metaphysicians  have 
sought  to  construct  '^forms  of  the  understanding," '*  categorical 
imperative,"  and  innate  ideas,  dictates  of  conscience,  and  from 
these  various  systems  of  philosophy  and  ethics.  Indeed  the  claim 
is  still  maintained  that  there  are  two  kinds  of  truth,  the  intellec- 
tual and  the  spiritual,  and  wherever  their  conclusions  differ,  the 
latter  is  entitled  to  superior  validity.     Confusion  is  thus  intro- 
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dnced ;  and  we  have  the  farther  claim  of  lifting  faith  above  knowl- 
edge, and  that  religion  and  its  bases  have  a  sphere  of  their  own 
from  which  science  is  excluded.  This  claim  scientists  have  not 
taken  pains  to  deny,  for  science  need  not  hurry,  but  it  concerns 
them  deeply  to  resent  it.  While  the  spiritual  theory  is  defective,  I 
am  not  disposed  to  accept  the  more  recent  one  of  the  genesis  of 
religious  ideas  from  dreams,  ghosts  or  ancestor  worship.  These 
are  supporting  after-thoughts.  The  natural  wonder  as  to  the  first 
breath  of  the  newly  bom,  the  last  breath  of  the  dying,  the  heart- 
throb, ecstacy,  suspense  of  consciousness,  decay  of  mental  powers, 
sportive  variations  have  helped  fasten  the  notion  of  a  lawless  and 
independent  double  or  shade  which,  once  accepted,  has  led  to  all 
manner  of  excrescent  amplifications. 

Underlying  this  guessing  at  the  mysteries  of  life,  the  whence  and 
the  whither,  the  h6w  and  the  why  of  it,  we  may  trace  alike  in  man 
and  in  brute  an  impulse  of  mind  or  instinct  which  is  ph^loge- 
netic,  rather  than  ontogenetic ;  it  belongs  to  the  chain  of  descent 
rather  than  to  the  last  individual  links,  in  which  we  may  discern  the 
germ  of  all  religious  emotion.  It  is  analogous  with  the  embryonic 
progression  through  lower  foi-ms  of  structure.  I  mean  the  inborn 
propensity  of  making-believe,  of  personification,  and  of  poetizing 
in  the  original  signification.  This  is  the  true  fetishistic  basis  and 
bias;  it  extends  to  things  animate  and  inanimate,  especially  if 
they  have  some  semblance  of  animate  forms.  Doll-inventing 
and  pet- loving  are  early  exhibitions  of  it,  and  symbolism  in  art, 
image  worship  and  ritualism  are  later  ones.  The  inherent  ten- 
dency to  apostrophize,  to  endow  or  discover  life  or  character,  and 
to  reverence  is  common  to  savages  and  to  the  children  of  the 
civilized,  and  is  slowly  outgrown  by  the  former;  while  it  lingeis  in 
poetry,  folk-lore  and  superstitious  observances  among  the  latter. 
Essentially  an  emotional  and  feminine  trait,  it  fades  with  experi- 
ence and  the  light  of  reason ;  it  is  probably  a  vestige  of  the  period 
wiien  vocal  utterance  was  but  feeble  and  crude  and  when  ideas 
were  conveyed  chiefly  by  signs,  mimicry  and  gesture;  the  gestures 
of  obeisance,  supplication  and  tenderness  being  then,  as  now,  very 
impressive.  Such  is,  I  believe,  the  origin  of  worship.  It  has  a 
close  analogy  in  the  palimpsest-like  reappearance  of  old  and  forgot- 
ten shadows  on  the  sensitive  plate  of  photography  after  they  were 
supposed  to  have  been  erased  and  then  overlaid  with  more  recent 
films.      Religious  ideas  had  a  large  use  and  significance  in  the 
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infancy  of  the  race  and  will'continually  crop  out  in  spite  of  the 
culture  of  later  time.  In  this  respect  the  venerating  or  worship^ 
ping  impulse  may  be  likened  to  the  sensation  experienced  by 
dramatic  recitals^  the  excitement  of  the  dance,  or  the  soothing  of 
rhythmic  sounds,  the  exhilaration  of  rapid  motion ;  the  instinctive 
clutch  of  the  infant  which  cannot  have  experienced  a  fall ;  the  lin- 
gering passion  for  fishing  and  hunting ;  or,  to  take  an  extreme  iU 
lustration,  the  excited  aversion  of  a  kitten  at  the  first  sight  of  a 
dog,  or  at  the  first  smell  of  a  mouse.  By  the  light  we  now  have 
we  are  permitted  to  offer  a  physiological  explanation  of  phenomena 
of  mind  heretofore  quite  mysterious.  Such  puzzling  phenomena 
as  hypnosis,  fascination,  coincident  cogitations,  double  and  alter- 
nating consciousness  are  to  be  solved  in  this  way. 

The  time  was,  not  so  long  ago,  when  the  physiologist  would 
hardly  entertain  the  soul  as  a  subject  of  speculation,  not  even  in 
disease,  insanity  being  accounted  as  possession  by  devils.  The 
physicist  would  have  thrown  it  out  of  his  laboratory  window,  if 
possible.  The  labors  of  anthropologists  helped  greatly  to  lead 
out  of  that  old  rut.  The  study  of  mind  in  the  multitude,  of  the 
savage,  of  race  traits,  of  mythologies,  folk-lore  and  religious  cere- 
monies betrayed  their  true  origin,  and  disclosed  the  likeness  of 
origin  and  especially  the  regularity  of  sequences  we  call  "laws" 
of  thought.  The  biologists  still  further  broadened  the  base  of  psy- 
chology by  tracing  it  down  through  the  gradations  of  organization 
to  the  cell,  and  into  plant  life ;  nor  is  it  certain  that  it  stops  with 
life,  as  we  at  present  define  life,  but  seems  to  be  coextensive  with 
organization.^ 

Science  does  not,  in  one  sense,  concern  itself  with  Ideological 
suppositions ;  that  is  to  say,  it  is  reluctant  to  resort  to  any  of 

» For  oplnlonB  on  the  coextensiveness  of  mind  with  life  and  organism  see  Haeck. 
el's  "Creed,"  E.  D.  Cope's  "Primary  Factors  of  Evolution"  (concluding  chapter), 
Darwin's  Letters,  Clodd's  "Pioneers  of  Evolution,"  Bomanes  and  others,  Noo  La- 
marklans  and  Neo  Darwinians. 

For  expressions  on  the  pervading  reach  of  mind,  as  exhibited  In  unorganized  mat- 
tei^as  a  property  of  mattei>-ln  the  curious  behavior  of  subsUnces  like  camphor, 
grains,  gamboge,  frost  crystals  on  pUte  glass,  figures  on  vlbraUng  membranes,  see 
cuirent  literature  of  Physics  and  Chemistry.  Prof.  A.  E.  Dolbear's  "Matter,  Sther 
and  Motion,"  also  the  concluding  sentence  of  his  Lecture  to  Wood's  HoU  Biological 
Btatlon ;  "At  any  rate  it  Is  evident  that  If  any  such  theory  of  matter  as  is  here  pre- 
sented  be  true,  and  If  the  behavior  of  matter  as  we  see  it  in  the  test  tube  and  ml- 
woBCoplc  slide  has  been  Interpreted  with  any  approach  to  the  truth,  then  it  is  a  much 
^^^nLAu"^^  thing  than  the  old  philosopher's  thought;  its  possibilities  greatly 
h^w*.*  Tw  ^"^^  ^^^^"^  ^*^«  ^^"^  imagined;  and  If  mind  Itself  requires  a  materia] 
naoitot  then  It  has  In  an  atom  an  imperishable  living  home." 
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them  to  explain  the  observed  cosmos,  and  prefers  to  listen  in 
a  neutral  attitude  to  the  rival  philosophies :  theism^  manicheism, 
atheism,  monism,  spiritism,  or  materialism ;  but  it  is  at  least  equally 
well  equipped  to  pas^  judgment  on  any  such  speculations  as  their 
advocates.  The  attempt  to  waive  students  off  from  the  domain  of 
the  soul  or  from  religious  beliefs  and  observances,  is  likely  to  be 
disregarded.  In  fact  the  educated  ecclesiastic  mind  now  anxiously 
awaits  the  verdict  of  science  on  the  nature  of  mind,  and  the  origin 
of  some  of  these  innate  ideas.  When  it  is  found  that  they  are 
naturally  accounted  for  as  belonging  to  the  experience  of  the  race, 
something  not  to  be  ashamed  of  and  still  less  to  be  proud  of, 
and  are  not  likely  to  be  superseded  very  soon,  the  doctrine  will  be 
welcomed  as  one  averting  a  threatened  dissolution?  So  long  as 
the  perpetuity  and  acceptance  of  the  church  dogmas  were  based 
upon  the  inspiration  of  certain  writings,  upon  miracles,  upon  spe- 
cial providences,  soul-peril  and  soul-rescue,  or  future  i*ewards  and 
punishments,  it  was  exposed  to  the  double  risk  and  cross  fire  of 
successful  contradiction  by  science,  and  by  historical  criticism,  and 
also  liable  to  the  ridicule  of  scoffers  and  the  charge  of  outrageous 
fraud.  Science  is  now  on  the  eve  of  supplying  a  broader  and  more 
enduring,  or  at  least  less  precarious,  basis  for  religious  ideas  than 
its  votaries.  When  Pope  Pio  Nono  was  told  that  science  was  un- 
dermining some  of  the  foundations  of  the  church,  he  exhibited  a 
profounder  knowledge  of  human  nature  and  soul  nature  than  the 
casuists  by  his  reply:  *'Then  we  must  revive  more  relics  and 
shrines." 

Dr.  Andrew  D.  White  has  rendered  a  special  service  to  scientific 
research  and  also  to  ecclesiastical  training  by  his  compilation,  with 
abundant  citation  of  textual  proof,  of  the  successive  awkward  re- 
treats from  this  position  of  superior  spiritual  discernment.  When- 
ever the  psychologists  are  ready  with  the  lacking  capstone  of  ex- 
perimental obsei-vable  proof  as  to  the  act  of  thought,  the  further 
measurements  of  its  velocities,  and  transformations  of  matter  or 
motion  into  that  we  call  consciousness,  they  will  be  listened  to 
with  profound  attention.  No  propaganda  is  needed  to  enforce 
the  conclusions  of  science,  the  intelligible  statement  is  enough  to 
overcome  the  most  unscrupulous  opposition.  What  is  now  waited 
for  is  a  psychic  spectrum  to  throw,  as  upon  a  screen,  the  analysis 
of  mental  phenomena  and  to  give  the  equivalent  of  Frauenhofer's 
lines  in  perception,  memory,  comparison,  association,  ratiocina- 
tion, the  several  emotions  below  and  above  the  limits  of  conscious- 
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ness,  and  especially  to  picture  for  us  those  puzzling  sub-conscious 
states  the  mirages  of  the  will  and  the  self-examination.  We  may 
confidently  expect  (probably  from  another  rash  layman)  some  form 
of  mental  bolometer  which  shall  record  for  us  the  dimensions  and 
count  the  number  of  the  vibrations  of  this  hitherto  unsuspected 
mode  of  motion,  if  not  also  to  disclose  those  delicate  films  which 
carry  some  but  not  others  of  those  external  stimuli  down  to  pos- 
terity, and  fix  the  stamp  of  ancient  habits,  passions  and  character 
long  after  their  necessity  or  utility  has  vanished.  Is  it  any  more 
wonderful  than  that  the  two  forces  of  heredity  and  environment 
should  preserve  the  bodily  forms  and  organic  structure  for  a  like 
period  ?  After  the  publication  of  Haeckel's  famous  work  demon- 
strating that  man  himself  in  embryo,  and  often  in  life,  bears  the 
evidence  of  derivation  from,  and  similarity  of  nature  with,  the 
lower  animals,  it  is  not  incredible  that  these  mental  traits  should 
accompany  them  for  the  latter  part  of  the  period.  As  passing 
from  mother  to  child,  we  accept  them  along  with  the  physical 
features  unquestioned.  We  easily  detect  them  for  three  or  four 
generations.  Why  not  for  ten  thousand  composite  impressions  ? 
One  is  tempted  to  use  the  exclamation  of  Huxley  after  his  first 
reading  of  the  '  *  Origin  of  Species :  "  "  Why,  how  stupid  of  us 
that  we  never  thought  of  that  before !  " 

The  retrospect  extending  so  far  back  enables  science  to  look 
forward  a  trifle.  The. decay  of  faith,  and  the  crumbling  of  dogma 
ali'eady  giving  anxiety  to  thoughtful  men  within  the  ecclesiastical 
pale,  is  giving  rise  to  the  question  :  **  What  is  to  become  of  morality 
when  its  supernatural  sanction  is  lost?"  Frof.  Goldwin  Smith, 
from  the  historian's  point  of  view,  naturally  apprehends  a  serious 
jolt,  and  doubts  whether  the  present  structure  of  society  can  stand 
the  transition.  The  view  here  taken  may  reassure  the  timid.  The 
doctrines  which  are  causing  such  naive  embarrassment :  the  fall  of 
man,  the  atonement,  the  resurrection  of  the  body,  the  real  presence, 
anthropomorphic  deity  and  filiation,  angels,  devils,  ftiture  rewtirds 
and  punishments  may  fade  out  and  disappear  —  may  in  fact  be 
relegated  to  the  region  of  extinct  mythologies — ^but  the  underlying 
religious  idea,  the  worshipping  instinct,  will  remain.  It  is  as  pe- 
rennial as  the  belief  in  fairy  tales,  nuptial-revels,  serpent-fear, 
omens,  portents,  myth-making  and  ceremonial  charms,  amulets, 
lucky  stones,  superstitions ;  and  having  the  same  ingrained  origin. 
They  are  vestigial  experiences  of  the  race — an  inheritance  to  be 
outgrown,  but  meanwhile  costly  impediments. 
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YII.      DIVSR8ITT  OF   LANGUAGES. 

That  type  of  civilization  cannot  be  regarded  as  ideal  or  fore- 
thoughtful which  tolerates  a  wide  diversity  of  tongues  in  which  to 
conduct  its  business  or  store  up  its  ideas  and  valuable  records. 
As  already  stated,  difference  of  speech  and  writing  tends  to  keep 
nations  and  races  estranged,  and  so  makes  for  war  rather  than 
peace.  The  only  progress  toward  a  uniformity  of  mother  tongues 
now  visible,  is  by  the  slow  and  fitful  process  of  political  absorption 
by  conquest  or  by  trade.  Singularly  enough  the  acknowledged 
languages  of  learning,  the  Latin  and  Greek,  seem  to  be  losing 
rather  than  gaining  their  hold  upon  the  best  literature.  This  is  not 
altogether  a  misfortune ;  for  languages  grow  and  expand  to  con- 
form to  the  ideas  of  those  who  use  them  ;  and  the  original  conno- 
tations of  words  are  lost  in  their  adaptations  to  new  conceptions. 
In  spite  of  the  attempt  to  uphold  the  Roman  tongue  by  the  medical 
and  priestly  professions,  it  is  no  longer  that  spoken  by  Cicero. 
The  English  of  to-day  differs  widely  from  that  of  Chaucer.  But 
few  famous  treatises  in  science,  philosophy,  history  or  even 
theology,  are  now  written  in  Latin ;  other  tongues  command  more 
readers,  and  it  no  longer  so  well  serves  as  a  vehicle  for  modem 
ideas.  No  language  can  escape  this  fate.  The  English,  which  is 
conceded  by  competent  observers  to  be  as  rich,  as  flexible  and 
precise  as  any  of  the  great  European  tongues— though  not  as 
simple  and  symmetrical  as  some  others — ^has  embalmed  in  it  quite 
as  many  of  the  indispensable  works  of  the  world,  and  has  besides 
the  suffrages  of  a  hundred  and  twenty  millions  of  people  to  whom 
it  is  vernacular,  is  nevertheless  susceptible  of  great  rectification, 
especially  ip  the  matter  of  pronunciation,  spelling,  and  in  the  ir- 
regularity of  the  verbs.  The  testimony  of  Professor  Merz,  in 
writing  of  "  Scientific  Thought  in  the  19th  Centuiy,"  although 
strangely  oblivious  of  American  contributions,  as  such,  uses  the 
following  language,  after  referring  to  the  decaying  use  of  the 
classics:^ 

1 "  The  largest  number  of  (ScienUflc)  works  perfect  In  form  and  substance,  clas- 
sical for  all  time,  belongs  probably  to  France;  the  greatest  bulk  of  scientific  work 
probably  to  Germany,  but  of  the  new  ideas  which  during  the  century  have  fructified 
science  the  larger  share  belongs  probably  to  England.  Such  seems  to  be  the  Impartial 
Terdict  of  history.  During  the  second  half  of  the  century,  a  process  of  equalization 
has  gone  on  which  has  taken  away  something  of  the  characteristic  peculiarities  of 
earlier  time.  The  great  problems  of  science  and  life  are  now  everywhere  attacked 
by  similar  methods.     ScientUic  teaching  proceeds  on  similar  line,  and  Ideas  and 
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Nevertheless  the  hope  of  establishing  either  Latin  or  Greek  as 
alternative  world-langaages,  of  learning,  has  not  been  abandoned 
among  the  classically  educated ;  but  jail  expectation  of  seeing  the 
former  generally  adopted,  at  least  as  a  spoken  tongue,  must  have 
passed.  If  the  great  start  of  the  Roman  empire,  and  the  subse- 
quent extension  of  its  speech  over  a  larger  empire  by  the  church, 
did  not  sofflce  to  give  it  precedence  the  chances  are  much  against 
it  now.  Like  the  Roman  jurisprudence  it  lives  chiefly  in  its  off- 
spring. It  has  been  more  or  less  engrafted  on  the  native  tongues ; 
itself  is  practically  a  dead  language.  The  Greek  survives  among 
living  tongues,  but  has  only  a  limited  field  as  such.  In  scientific 
and  classical  education  and  notably  in  nomenclature,  it  has  a  future 
of  utility  as  an  enricher.  Some  of  the  international  medical  con- 
ferences are,  I  believe,  ready  to  adopt  it  as  an  alternative  language 
for  their  limited  uses. 

Meantime  the  business  of  the  world  becomes  more  and  more  in- 
ternational and  interlingual.  The  spread  of  telegraphs  by  land  and 
under  seas,  the  extension  of  steamships  and  steam  railways  across 
frontiers,  sometimes  across  several  of  them,  not  only  crowd  the 
nations  together  but  some  common  code  of  communication  between 
them  is  a  desideratum — the  world  of  commerce  no  less  than  that  of 
letters  and  research  waits  for  it.  Regulations  for  navigation  on  the 
high  seas  have  been  contrived  by  the  maritime  nations  and  adapted 
to  all ;  we  have  likewise  a  growing  communication  and  conformity 
in  astronomical,  chemical  and  electrical  literature ;  uniformity  of 
standards  of  weight  and  measurement,  mechanical  devices  and  the 
like.  In  a  small  way  too  we  have  a  universal  language  in  musical 
notation ;  in  the  telegraphic  alphabet,  in  the  deaf-mute  and  in  alge- 
braic signs.  How  much  longer  will  the  international  requirements 
of  the  whole  world  have  to  wait  before  a  real  world-language  is  hit 
upon  ?  Must  we  wait  until  the  struggle  for  political  boundaries  of 
the  dozen  or  twenty  several  nations  of  Europe  has  concentrated 
the  smaller  ones  into  one  dominant  prodigy?  If  not,  when  and  how 
shall  the  movement  be  begun  and  carried  out,  and  by  whom  ?  The 
time  seems  to  be  ripe  for  a  practical  consideration  of  these  ques- 
tions, and  it  concerns  some  association  of  learning  to  do  so ;  and 

dlscoTeries  are  coBmopolitan  property.  So  much  more  intereeting  must  It  be  for  those 
who  have  been  born  members  of  this  internaUonal  republic  of  learning  to  trace  the 
way  In  which  this  confederation  has  grown  up,  what  have  been  the  different  national 
contributions  to  its  formation,  and  how  the  spirit  of  exact  science,  once  domiciled 
only  In  Paris,  has  gradually  spread  Into  all  countries  and  leavened  the  thought  and 
literature  of  the  world." 
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for  several  reasons  the  initiative  would  seem  to  be  left  with  the 
Department  of  Social  and  Economic  Science. 

I  need  not  enlarge  upon  the  magnitude  of  the  continuing  loss 
from  the  present  diversity  of  tongues,  not  only  in  the  time  and 
effort  spent  in  acquiring  several  languages,  when  one  beside  the 
vulgar  tongue  might  answer  all  purposes  of  education,  if  that  other 
alternate  tongue  were  common  to  the  great  civilized  nations.  The 
waste  is  still  greater  from  the  publication  of  researches,  laws,  trea^ 
ties  and  recoi-ds  in  several  dresses,  all  of  which  must  be  consulted 
by  the  student  who  would  keep  abreast  of  the  advance  of  knowl- 
edge. The  shelves  of  our  libraries  are  being  piled  high  with  books 
of  all  shades  of  usefulness  and  uselessness,  and  an  extensive  ran- 
sacking of  bibliographies  is  required  to  master  any  given  topic. 
The  most  of  these  have  only  ephemeral  value,  but  this  again  adds 
to  the  burden.  One  good  effect  of  an  alternate  language  of  learn- 
ing would  be  the  saving  from  this  weary  plowing  of  the  sands ;  the 
truly  classic  works  worth  preserving  would  in  a  few  generations  be 
winnowed  out  and  a  lifetime  would  not  be  consumed  in  mastering 
the  works  of  authors  long  superseded,  but  which,  as  they  now  stand 
mingled  side  by  side,  are  indistinguishable.  An  Index  Expurga- 
tortus^  by  a  scientific  college  de  propagajida  Jide,  is  not  in  accord 
with  modem  notions,  but  it  would  be  a  great  step  in  advance  to 
have  all  science  uttered  in  one  language  and  reviewed  in  the  same. 
When  one  thinks  of  the  ten  thousand  volumes  printed  annually  by 
the  presses  in  English  alone,  one  is  tempted  to  sympathize  with 
that  Arabian  calif  who  ordered  the  great  library  of  his  time  de- 
stroyed on  the  ground  that  it  was  either  superfluous  or  heretical. 

Observe,  there  is  no  suggestion  to  invent  a  new  language  such  as 
Volapuk  aspired  to  be.  We  all  know  languages  grow  by  laws  of 
their  own,  and  are  not  run  into  a  mold.  They  are,  however, 
plastic  and  susceptible  of  enrichment  and  improvement  by  human 
contrivance.  Instances  are  quite  numerous  where  one  tongue  has 
supplanted  another ;  and  the  example  of  two  or  more  languages 
being  taught  and  used  concurrently  is  quite  common.  In  fact, 
the  task  of  imposing  a  second  speech  on  a  nation  is  much  easier 
than  that  of  imposing  another  religious  cult,  or  a  change  of  me- 
tallic money  standards  either  of  which  is  still  deemed  to  be  fea- 
sible. 

The  growth  of  languages  may  be  compared  to  the  formation  of 
common  paths  and  roads  through  the  primitive  wilderness ;  at  first 
following  the  trails  of  the  wild  beasts ;  whenever  a  tree  falls  across 
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the  path  it  is  deflected  and  so  continues  long  after  the  obstroction 
has  crumbled  away.  The  tendency  to  these  deviations  and  doub- 
lings seems  to  be  inherent.  The  French  is  about  the  only  tongue 
which  has  an  officially  appointed  guardian  to  keep  it  within  ortho- 
dox lines ;  and  it  must  be  added  that  none  needed  it  so  much,  or  has 
so  much  to  be  done  for  it  remaining.  What  is  needed,  and  would 
seem  to  be  practicable,  is  the  application  of  modem  methods  equiv- 
alent to  the  work  of  the  civil  engineer  among  the  time-worn  paths 
— a  levelling  and  alignment,  the  taking  out  of  kinks  and  detours, 
and  introducing  greater  precision  and  definiteness.  It  is  no  great- 
er task  for  our  time  than  the  change  to  the  Julian  calendar  was 
for  that,  and  is  comparable  with  the  slow  spread  of  the  Arabic 
alphabet  and  numerals,  displacing  others,  and  vastly  more  econom- 
ical than  the  proposition  to  divide  the  year  into  13  months  of  28 
days.  I  fear  it  is  not  the  proper  or  congenial  r61e  for  philologists 
and  lexicographers  whose  task  will  come  in  at  a  later  stage,  in  the 
perfecting  and  grafting  upon  the  adopted  alternate  language.  Thus 
far  their  special  interest  seems  to  lie  in  the  diversity  rather  than 
in  the  uniformity  of  tongues;  and  their  very  modest  efforts  to 
introduce  a  more  regular  spelling  and  pronunciation,  though  not 
entirely  barren,  are  by  no  fault  of  theirs,  hopelessly  slow  of  adop- 
tion. The  chances  of  these  reforms  would  be  better  if  English 
could  be  adopted  as  a  world  language ;  and  if  another  were  chosen 
they  might  be  needless. 

This  Association  is  called  upon  from  time  to  time  to  join  in 
International  Conferences,  to  recommend  or  appoint  delegates  to 
such  gatherings,  and  to  pass  upon  their  reports  touching  matters 
of  nomenclature,  classification  and  standards.  The  cause  of  learn- 
ing has  very  much  at  stake  in  an  extension  of  this  same  function 
to  language.  Other  interests  are  also  concerned,  and  whether  these 
other  interests — foreign  commerce,  diplomacy,  or  telegraph  or  trans- 
portation— shall  take  the  initiative,  or  leave  it  to  others,  there  should 
be  a  joint  action  and  representation.  This  subject  is  already  at- 
tracting the  attention  of  practical  business  men  who  may  be  expected 
to  move  in  the  matter  faster  than  the  teachers  and  lexicographers. 
While  writing,  my  attention  has  been  called  to  an  address  by  a  busi- 
ness man  to  a  Boston  business  club,  advocating  the  use  of  English 
as  a  world  language.  A  table  quoted  from  Mulhall,  showing  the 
growth  of  the  great  European  language  in  the  years  1801  to  1890, 
shows  that  the  English  has  increased  217  per  cent,  while  no  other 
except  the  German  has  reached  so  much  as  100.     I  have  added  to 
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it  a  column  of  estimated  numbers  using  tlie  same  tongues  at  the 
present  time,  in  which  the  lead  seems  to  be  with  the  English,  though 
this  is  liable  to  be  challenged  by  the  partisans  of  Russia,  as  the 
official  language,  though  not  the  native  one,  of  a  nearly  equal 
number  J 

Can  we  assume  that  this  lead  can  be  maintained  for  another 
century,  when  the  Russian  empire  shall  touch  the  two  oceans  and 
the  Mediterranean,  or  when  the  German  empire  shall  extend  from 
the  Ndrtli  Sea  to  the  Bosphorus?  If  not  there  is  nothing  to  be 
lost,  and  much  to  be  gained,  for  us,  by  an  earlier  rather  than  a 
later  settlement  of  this  question. 

There  have  also  appeared  in  the  daily  press  expressions  from 
some  learned  society  of  Germany,  which  I  am  expecting  to  see 
authenticated  any  day,  a  willingness  on  their  part  to  adopt  the 
English  as  an  alternate  world  language,  provided  some  necessary 
reforms  were  made  in  spelling  and  orally  to  make  it  more  phonetic 
and  conformed  to  the  classic  Latin  and  Gi*eek.  This  is  a  very 
reasonable  and  fit  concession  to  be  imposed,  and  ought  to  be  under- 
taken in  our  own  behalf  without  regard  to  the  propaganda.  If,  by 
some  such  concessions  as  these,  the  support  of  Germany  and  per- 
haps also  Holland,  Scandinavia  and  Spain,  can  be  won,  the 
adoption  of  the  English  is  assured ;  and  we  cannot  too  soon  con- 
vene an  International  Conference.  The  Germans  are  handicapped 
by  a  Gothic  eye-destroying  alphabet,  and  an  unmusical  vocal 
speech,  and  are  conscious  of  it.  This  is  their  opportunity  and 
ours.  The  claim  of  the  French  as  the  established  language  of 
diplomacy  is  recognized  in  Europe,  but  declining  even  there, 
would  be  outweighed  even  though  supported  by  Russia.  Oppo- 
sition would  be  likely  to  come  from  that  quarter,  if  from  any ;  or 
from  a  possible  coalition  of  all  the  rest  against  the  leader.     But 
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MnlhaU'B  Table  Of  Increase,  1801-1890.  Millions  spoken  hy  In  1895. 
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French     ....     46. 

18.7 

18.7 

German  ....     87. 
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8.3 

Italian     ....     82. 

16.8 

10.7 

Spanish   ....     22. 

4.7 

8.3 

Portnguese ...     15. 

19. 

18.7 

Russian  (?)      .    .    129. 

100 

loT 

Scandlnayian  .    .       9. 
Holland   ....       5. 
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fortunately  this;  is  a  case  in  which  there  is  no  compulsion.  No 
nation  need  be  bound  by  any  recommendation  of  the  Conference, 
if  it  thought  it  could  do  better  to  stand  out.  In  brief  it  is  the 
counterpart  of  the  decimal  metrical  system ;  the  advantages  and 
drift  of  any  action  would  be  toward  uniformity  sooner  or  later. 
Professor  Mahaffy  is  out  in  a  very  pronounced  opinion  as  to  the 
need  of  rectifying  English ;  while  Mr.  Havelock  Ellis  I  perceive  is 
quoted  as  favoring  French  as  a  second  choice. 

My  own  idea  about  the  manner  of  calling,  and  the  composition 
of,  such  an  Interiingual  Conference  is  that,  by  virtue  of  her  much 
greater  foreign  commerce,  marine  interests  including  telegraph, 
postal,  consular,  and  diplomatic  intercourse,  the  initiative  would 
properly  belong  with  the  mother  country.  Any  such  call  from  her 
would  be  sure  to  suggest  some  antagonism  and  most  likely  also 
she  would  be  asked  to  content  herself  with  one  vote  on  behalf  of 
Britain  and  all  her  colonies ;  and  attempt  might  be  made  to  link  in 
the  United  States.  I  have  no  idea  that  representation  according  to 
aggregate  population  would  be  acceptable.  The  most  feasible  plan 
will  be  by  nations,  or  groups  of  nations,  the  offshoots  and  colonies 
not  being  reckoned  except  in  the  single  case  of  the  United  States, 
which,  if  expedient,  could  speak  for  Canada  too.  The  position  of 
North  America  is  one  of  peculiar  freedom  from  Jealousies  and 
entanglements,  and  if  the  mother  country  will  for  this  occasion 
graciously  let  her  full-grown  settled  daughter  appear  in  the  fore- 
ground, there  will  be  less  friction  to  encounter  and  the  result  will 
be  the  same  in  either  case. 

There  is  a  certain  fitness  aside  from  its  expediency.  American 
lexicographers  and  philologists  have  done  more  for  the  improve- 
ment of  English  in  a  hundred  years  than  the  British.  Besides,  the 
number  of  universities  and  students  and  the  literary  output  ai-e  now 
comparable  in  volume  if  not  in  quality,  with  the  older  nation.  The 
ultra-conservatism  of  British  publishers  is  shown  by  an  unwilling- 
ness to  handle  books  by  American  authors  using  the  abridged  spell- 
ing of  certain  common  words  where  the  right  of  argument  is  on  our 
side.  Again,  in  Asia,  especially  in  China  and  Japan,  which  are 
now  open  to  Occidental  literature,  science  and  arts,  we  are  side  by 
side  with  the  British  and  opposed  by  French  and  German  influences. 
If  I  am  rightly  informed,  Japan  is  most  anxious  for  uniformity ;  in 
fact,  would  accept  readily  a  common  tongue,  and  prefer  the  Eng- 
lish.    The  part  to  be  played  by  these  islanders  of  the  far  East  in 
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international  affairs  cannot  jet  be  defined,  but  their  alliance  in  these 
bonds  of  peace,  civilization  and  learning,  is  worth  caltivating. 

As  a  rough  outline  of  the  composition  of  the  first  conference  on 
an  alternate  common  language  for  international  trade,  intercourse, 
letters,  science  and  arts,  let  us  suppose  that  whenever  a  sufiScient 
number  of  avowals  of  interest  in  the  subject  shall  have  been  received 
from  representative  bodies,  an  invitation  shall  be  addressed  by  the 
Secretary  of  State  of  the  United  States,  or  by  this  Association,  or 
some  similar  body,  to  like  associations  and  guilds  in  the  following 
countries,  to  choose  delegates  to  meet  at  some  suitable  time  and 
place  in  Central  Europe : 

1.  Great  Britain,  including  colonies  and  India. 

2.  United  States  of  America  and  Canada. 
•H.    Germany  not  including  Austria'. 

4.  Austria  and  the  Hungarian  and  adjacent  Slav  States. 

5.  France  including  her  colonies  and  Belgium. 

6.  Spain  and  Portugal. 

7.  Italy. 
8»  Greece. 
9.  Holland. 

10.  Scandinavia  (Denmark,  Sweden  and  Norway). 

11.  Russia. 

12.  The  Spanish  and  Portuguese  republics  of  North  and  South 

America.  • 

13.  Japan  (by  courtesy,  not  voting). 

Each  of  these  units  to  be  represented  by,  say,  five  delegates  drawn 
respectively  from  the  larger  international  interests. 

A.  Political,  diplomatic  and  jurisprudence. 

B.  Scientific,  mechanical  and  medical. 
C     Foreign  commerce  and  navigation. 

D.    Telegraphic,  Foreign  Exchange  and  Postal. 
E»    Pedagogy,  Philology  and  publishing. 

Here  we  may  have  a  polyglot  convention  of  say  sixty-five  persons, 
with  sixty  votes,  representing  various  pursuits.  All  that  it  need 
do  is  to  pass  resolutions  after  preamble  recommending  to  their  re- 
spective governments,  that  it  be  made  lawful  on  and  after  a  certain 
date,  say  Januaiy  1,  1901 ;  or  as  soon  thereafter  as  may  be,  to  use 
the  language  adopted,  and  that  it  shall  be  taught  in  all  public  schools 
as  a  second,  or  alternating,  language ;  and  further  that  all  docu 
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ments  for  interlingaal  use  such  as  passports,  cable  and  telegraph 
blanks,  navigation  charts  and  astronomical  codes,  postage  stamps, 
money  orders,  letters  of  credit,  coins,  tables  of  metric  systems, 
shall  be  inscribed  in  both  media.  Similar  action  on  the  part  of 
the  guilds  and  institutions  themselves  would  be  suflScient  to  ensure 
the  trial. 

The  work  of  simplifying  the  adopted  tongue,  so  as  to  make  it 
more  acceptable  and  more  easUy  acquired  by  the  rest  is  quite 
another  function,  belonging  to  a  different  body,  and  can  be  report- 
ed on  from  year  to  year  without  limit  of  time.  Our  newest  dic- 
tionaries contain  already  some  thousand  of  minor  and  acceptable 
changes.  It  would  greatly  add  to  the  regularity  and  euphony  of 
the  English  (if  it  should  be  chosen)  to  incorporate  and  substitute 
freely  from  the  Spanish  as  written  (not  however  including  the  ec- 
centricities of  its  pronunciation)  in  which  case  the  Latin  and  Italian 
method  should  be  taken ;  in  this  way  the  good  will  of  our  neighbors 
on  the  American  continent  might  be  secured,  with  no  detriment 
whatever  to  ourselves.  Computations  are  sometimes  made  to  show 
the  enormous  aggregate  loss  from  the  use  of  redundant  or  silent 
letters  in  writing  and  typesetting.  This  economy  is  easily  embraced 
within  the  larger  reform  outlined  above. 

Elizabeth^  New  Jersey^  U.  S.  A. 
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APPBNDIX. 


Uniformity  of  Scirntdtic  and  othbr  Literaturb. 

American  Association  for  the  Advancrment  of  Science. 

Detroit  Meeting,  1897. 

The  following  preamble  and  resolution,  originating  with  Section  I  — 
*'  Social  and  Economic  Science,"  and  duly  reported  by  the  Council  to  the 
Association,  was  adopted  Aug.  12,  1897,  with  the  recommendation  that 
copies  thereof  be  forwarded  together  with  the  explanatory  remarks  of 
Vice  President  Colbnrn  to  corresponding  foreign  Associations  and  Insti- 
tutions of  learning,  for  information  in  order  to  elicit  responses  looking 
toward  the  greater  uniformity  in  scientific  and  other  international  litera- 
ture, by  an  international  conference  or  otherwise. 

Whereas  this  Association  is  from  time  to  time  called  upon  to  recom- 
mend or  choose  delegates  to  international  conferences  seeking  to  promote 
uniformity  in  scientific  classification,  nomenclature,  metrology,  publica- 
tions, and  is  likewise  interested  in  uniformity  of  navigation  and  postal 
regulations,  and  researches  at  present  recorded  in  several  differing  Euro- 
pean  languages ;  and 

Whereas  the  diversity  of  tongues  is  a  continuing  hindrance  to  inter- 
change of  knowledge  and  literatures,  seriously  enhancing  the  cost  and 
labor  of  studious  pursuits,  which  might  in  large  measure  be  avoided  by 
the  adoption  by  the  civilized  nations  of  an  Alternate  Language  of  Learn- 
ing, Law  and  Commerce,  and  as  such  required  to  be  taught  in  higher 
schools  (in  combination  with  the  mother  tongue)  and  used  in  interlingual 
correspondence  and  printed  records ;  and 

Whereas  it  is  believed  this  need  is  felt  and  acknowledged  by  societies 
and  corporations  of  several  nations  and  awaits  the  initiative  of  some  one 
of  them  to  propose  concerted  action  thereon ;  now  therefore  be  it 

Besolvedt  that  whenever  the  President  or  Permanent  Secretary  of  the 
Association  shall  have  received  from  similar  bodies,  or  from  Universities 
of  Europe,  sufficient  in  number  to  represent  a  majority  of  the  maritime 
peoples,  expressions  signifying  a  desire  to  cooperate  in  an  International 
Conference  of  Languages,  it  shall  be  his  duty  to  lay  the  same  before  the 
Coxmcil  at  the  next  regular,  or,  if  need  be,  at  a  specially-called,  meeting, 
with  a  view  to  the  appointment  of  one  or  more  delegates  to  represent 
American  Pedagogy  and  Science  thereat,  at  some  convenient  time  and 
place  in  Central  Europe. 

In  like  manner  the  Permanent  Secretary  is  hereby  authorized  to  ac- 
knowledge, on  behalf  of  this  Association,  receipt  of  such  invitation  for  a 
like  purpose  emanating  from  any  government,  or  department  thereof, 
Institution  of  Learning,  Technical  Science,  Chamber  of  Commerce  or 
Finance,  Telegraphic  or  Transportation  Bureau,  Postal  Union  or  Academy 
of  Arts  and  Letters,  and  to  pledge  the  further  attention  of  this  Council 
to  the  same. 
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The  iruNidPAL  ooybbitmbnt  of  Omtakio.    By  C.  C.  Jahrs,  M.  A.,  Sec- 
retary of  the  Ontario  Bureau  of  Industries,  Toronto,  Ont. 
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6.  Municipal  Institutions  in  Canada,  by  C.  R.  W.  Biggar,  Q.  C,  in  Hand- 
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7.  Reports  of  the  Ontario  Bureau  of  Industries.    Toronto,  1886-96. 

8.  The  Consolidated  Municipal  Act  of  Ontario,  and  The  Consolidated 

Assessment  Act  of  Ontario.  Reyised  Statutes  of  Ontario.  Toronto, 
1897. 
Ths  proylnce  of  Ontario  was  first  settled  by  a  large  number  of  persons 
who  came,  principally  from  New  York  state  in  1783  and  following  years. 
The  first  legislature  of  Upper  Canada  was  conyened  in  September,  1792. 
In  the  following  year  legislation  was  enacted  proyiding  for  local  goyern- 
ment through  Quarter  Sessions.  In  1841  District  Councils  were  intro- 
duced. In  1849  the  Baldwin  Act  provided  for  township  and  county 
councils.  This  has  remained  up  to  the  present  as  the  foundation  of  mu- 
nicipal goyernment  in  Ontario,  except  that  in  1896  an  act  was  passed 
whereby  the  number  of  members  of  County  Councils  has  been  greatly  de- 
creased. The  basis  of  municipal  goyernment  in  Ontario  Is  in  the  township 
rather  than  in  the  county,  thus  following  the  New  England  system  rather 
than  that  of  Virginia.  The  Crown  Lands  Department  of  Ontario  gives 
the  area  of  Ontario  as  126,000,000  acres,  and  the  incorporated  portion  is 
made  up  as  follows : 
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1896.' 

AREA  IN  ACRES. 

ASSESSED  POPULATION. 

492  townships 

23,114,866 

1,109,681 

137  villages 

100,943 

136,021 

96  towns 

146,308 

295,523 

13  cities 

40,648 

416,215 

Total, 

23,402,155 

1,957,390 

It  will  be  seen,  therefore,  that  over  80%  of  the  province  is  unorganized. 
In  this  unorganized  portion  there  are  at  present  161  surveyed  townships 
open  to  settlement.  There  is,  however,  an  immense  portion  unsnrveyed 
and  a  very  large  portion  even  unexplored.  The  census  population  in  1891 
was  2,114,821.  Townships  vary  in  size  and  form  in  the  older  sections; 
the  latest  surveys  are  squares,  six  miles  by  six  miles.  Township  incorpo- 
ration may  take  place  when  there  are  100  resident  freeholders,  and  a 
group  of  townships  may  be  incorporated  as  a  county  when  the  total  popu- 
lation amounts  to  17,000.  A  village  may  be  incorporated  when  750  per- 
sons are  resident  within  an  area  of  500  acres  or  less.  The  village  may  be- 
come a  town  on  attaining  a  population  of  2,000,  and  the  town  may  become 
a  city  when  the  population  reaches  15,000.  Sometimes,  when  the  popula- 
tion does  not  reach  the  amounts  given  above,  incorporation  takes  place  by 
a  special  Act  of  the  Legislature — seven  of  the  cities  for  instance  having 
less  than  15,000  were  thus  incorporated.  Every  municipality  is  controlled 
by  a  council  elected  by  the  ratepayers.  The  head  of  a  township  or  vil- 
lage is  a  reeve,  of  a  town  or  city  is  a  mayor,  and  of  a  county  is  a  warden. 
The  powers  of  these  councils  are  limited  and  regulated  by  the  Legislature, 
of  the  province.  The  schools  are  controlled  by  boards  of  trustees,  also 
elected  by  the  ratepayers,  but  these  boards  are  dependent  upon  the  coun- 
cils for  their  grants.  Previous  to  1897  the  county  council  was  composed 
of  the  reeves  and  deputy  reeves  of  the  various  townships,  tovnis  and  vil- 
lages composing  the  county,  but  by  Act  of  1896  the  councils  are  now  com- 
posed of  from  12  to  18  members  elected  separately,  two  for  each  district. 
Township  matters,  such  as  roads,  bridges  and  pubUc  schools,  are  looked 
after  by  township  councils ;  county  matters,  such  as  jails,  poor  houses  and 
high  schools,  are  looked  after  by  county  councils.  In  cities  of  over  100,000 
provision  is  made  for  the  appointment  of  a  Board  of  Control,  consisting 
of  the  mayor  and  three  aldermen.  This  Board  is  a  sort  of  Executive  Com-, 
mittee  of  the  Council,  having  control  of  the  appointment  of  officials, 
Awarding  of  contracts  and  the  fixing  of  rate  of  taxation.  Toronto  alone 
comes  under  this  regulation.  The  taxes  of  the  county  council  are  imposed 
by  the  township  council,  so  that  the  rural  ratepayer  pays  in  one  bill  his 
school  tax,  his  township  tax  and  his  county  tax.  A  Provincial  Municipal 
Auditor  has  been  appointed  as  an  official  of  the  government  to  examine  and 
audit  municipal  officers'  books  and  to  prescribe  uniform  and  satisfactory 
systems  of  keeping  accounts.  All  municipal  officers  are  required  to  send 
reports  yearly  to  the  Ontario  Bureau  of  Industries,  which  publishes  the 
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same  in  tabulated  form.    The  following  is  the  summing  ap  of  the  financial 
statements  of  all  the  Ontario  muuicipalities  for  the  ten  years,  1886  to  1895 : 
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Civil  SBRvacK  keform  :   (1)  conflict  -with  the  spoils  system  in  the 
...  State  of  New  York.     (2)  relation  of  the  system  to  the  ques- 
tion OF  state  and  municipal  ownership  of  quasi-public  works. 
By  Wm.  H.  Hale,  Ph.D.,  Brooklyn,  N.  Y. 

The  first  part  of  the  paper  gives  a  brief  account  of  the  conflict  of 
the  civil  service  reform  with  the  spoils  system  in  the  State  of  New 
York  which  culminated  last  spring  in  the  decision  of  the  Court  of  Ap- 
peals in  the  leading  case  of  Chittenden  et  al,  vs.  the  Mayor  of  Brook- 
lyn, et  al.y  and  the  passage  of  the  anti-reform  bill  by  the  legislature.  The 
second  part  of  the  paper  discusses  the  question  of  the  bearing  of  the 
civil  service  reform  system  on  the  practical  operation  of  public  fran- 
chises in  the  nature  of  monopolies,  such  as  water  supply,  gas  and  electric 
lighting,  telegraphing  and  telephoning  and  street  railways  by  the  muni- 
cipality ;  and  advocates  the  system  as  being  well  adapted  on  the  one  hand 
to  secure  competent  employes,  and  on  the  other  to  check  the  overgrowth 
of  political  patronage  and  corruption.  There  are  many  obvious  advan- 
tages in  having  a  responsible  government  control  and  operate  all  these 
franchises  which  use  public  highways,  and  supply  public  necessities.  It 
is  better  that  when  streets  are  torn  up  and  repaired,  it  be  by  those  who 
are  interested  in  keeping  them  in  good  order.  It  is  well  that  the  comfort 
and  convenience  of  the  people  who  are  supplied  by  these  monopolies  be 
made  the  paramount  consideration,  rather  than  the  gain  of  a  selfish  cor- 
poration. But  work  of  this  kind  requires  skill,  integrity,  industry  and 
experience,  which  can  only  be  secured  by  a  careful  selection  of  men  for 
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merit  and  fitness,  and  the  best  men  cannot  be  <>^*»1°^7**^^;;*  * '^!^^ 
wbiit  stable  tenure  of  ofllce.  To  leave  these  d«fi<^^*  *"^*"*!;^^^^^^ 
works  a  spoil  to  politicians  would  seriously  impair  ^«^/f  ^^^^^^^ f^^^ 
would  also  confer  upon  party  leaders  a  dangerous  P^^^^f  j'^^J^^"^^^^ 
and  unlimited  patronage-  The  system  of  reformed  civil  ^f'^J^  !^^ 
aims  to  iecute  the  best  men  for  the  performance  of  P^^^lc  dutte«  ^rds 
the  only  economical  and  therefore  the  only  P«^ti^»^l«  «^^'*^*^„^/ *^^ 
problem  of  governmental  administration  of  these  natural  monopolies  for 

the  public  good. 


Racul  dibtemoration:     thk  increasb  of  stnciDE.    :6y  I-awbenck 
Irwcll,  Bufflilo,  N.  Y. 


Contributions  to  the  dkvklopmbnt  of  mbtborolooy  by  the  Smith- 
sonian iNSTrruTioN.  By  Dr.  Marcus  Benjamin,  U.  S.  National  Mu- 
seum,  Washington,  D.  C. 

Tms  paper  id  an  historical  summitry  of  the  development  of  the  mete- 
orological work  of  the  United  States  as  fostered  under  the  auspices  of  the 
Smithsonian  Institution,  and  includes  the  description  of  the  first  weather 
map  as  well  as  mention  of  the  beginnings  of  the  appUcatlon  of  the  tele- 
graph  to  the  collection  of  conditions  of  the  weather. 

[This  paper  Is  printed  In  **The  Smithsonian  Institution,  1846-1896: 
The  History  of  its  First  Half  Century."] 


The  economic  position  of  womei^.    By  Miss  MarY  Forster,  Buflklo, 
N.  T. 

The  position  of  women  wage  workers  is  still  a  story  of  long  hours, 
low  pay  and,  in  the  case  of  married  women,  household  work  in  addition. 
Charity,  even  when  organized,  Is  the  worst  method  of  attempting  to  better 
their  condition.  It  has  been  difficult  for  women  to  organic  Into  efltectlve 
unions.  Legislation,  in  the  direction  of  Factory  Acts,  Is  the  best  immedi- 
ate remedy.  The  educated  working  women  are  less  helpless,  because  less 
Ignorant,  and  not  a  prey  to  the  sweater,  but  have  to  contend  with  more 
direct  competition  with  men,  to  take  low  salaries,  and  tx>  suffer  from  the 
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competition  of  the  partially  supported  and  the  gratuitous  worker.  It  is  the 
working  women  of  this  class  to  which  onr  coBservatiye  friends  object; 
but  the  objections  they  make  would  apply  equally  well  to  all  women  and 
they  endure  complaisantly  the  condition  of  the  women  wage-workers, 
regardless  of  the  injury  their  sufferings  cause  to  this  raci.  Educated 
women  hare  been  forced  into  ibe  competition  for  the  m«ins  of  sdbtiB|a> 
ence,  by  the  way  the  pfesent  industrial  system  hSU  deteloped.  ^This  hiu 
brought  ibout  a  great  change  in  their  attitude  towafds  society  and  ill  their 
aspirations.  Finding  themselves  no  longer  dependent  beings,  the^  cease 
to  limit  themselyes  to  the  narf  ow  ideal  man  has  had  with  regard  to  theifi. 
In  the  interest  of  their  sex,  and  for  the  ennobling  of  the  race,  economie 
independence  is  their  demand. 


I'Hft  COllPiBtltlON  Ol^  GRATXTitOtTS  WO&KSRS.       By  Miss  ttABt  ITOBStSB, 

Buflkilo,  N.  T. 

TfiSRi  ate  many  emi;>loyments  Whete  the  Worti^t  flhds  his  t^tst  rival 
in  those  faitly  well  off,  trho  life  willing  to  Work  for  less  Vrsge  fnereljr  to 
obtAin  extra  comforts  or  lutuf ies»  Am&ng  the  pooref  classes  of  tromeA 
Wofkef  s,  homework,  as  opposed  to  Work  in  factories,  has  not  only  been 
th^  teAl  cause  of  sweating,  but  in  many  trades  has  iwlmitted  of  mtirried 
Women  and  bthefs  who  are  siapported.  And  have  a  feW  hours  to  spare,  tsing 
them  to  undefseU  the  regular  employes,  ^actoty  Acts  are  of  course  the 
femedy  for  this.  But  hoW  shall  We  ptevent  the  umbitious  or  vSln  iunong 
the  Wealthy  from  gratuitously  or  cheaply  supplying  the  public  with  litera- 
ture and  art?  Newspapets  afe  the  mediums  thfough  which  a  gf  eat  deal 
of  this  supplanting  of  the  pfofessional  by  the  amateur  is  done.  In.ma&jT 
cities  they  are  to  a  great  extent  Wf itten  gfatuitously,  and  as  A  reSutt  ktn 
ill  written  and  mnf  eliable.  Out  Joutnalism  is,  in  flkct,  latgely  paupetized. 
This  injury  to  professional  Workers  Is  more  rife  among  women  than  men ; 
and  if  those  who  give  help  gratuitously  as  typewtiters,  secretatles^  teach>> 
ers,  etc.,  realized  the  economic  pressure  of  the  present  industtial  syStein 
on  thousands  of  their  sisters,  they  might  tef rain  from  supplanting  them. 
That  they  should  study  social  conditions  is  pefhaps  too  much  to  expect, 
and  it  seems  hard  that,  being  wealthy  and  not  compelled  to  do  anj^thing 
for  the  community  in  return,  they  should  be  debarred  from  all  eflbrt  to 
make  themselres  useful.  But  from  the  professional  side  of  this  question, 
we  hare  to  consider  possible  remedies.  (1)  Legislation,  which  is  impracti- 
cable except  in  cases  where  employments  can  be  organised  into  regulat 
professions,  as  doctors  and  lawyers  are.  (2)  Combination,  In  guilds  ot 
unions  of  some  kind,  to  bring  pressure  to  bear  on  outsiders,  as  well  as  to 
imptove  the  technical  skill,  knowledge  and  appliances  of  the  membets. 
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The  true  meaning  of  the  sugar  schedule  of  the  new  tabiff.    By 
Prof.  H.  W.  Wiley,  Dept.  of  Agriculture,  Washington,  D.  C. 

There  are  three  ways  In  which  duty  is  levied  on  imported  sugar :  First, 
a  duty  according  to  the  saccharine  richness  of  the  sugar  as  determined  by 
the  polariscope ;  second,  a  differential  duty  on  all  sugars  above  No.  IS 
Dutch  standard  of  color;  third,  a  countervailing  duty  on  all  sugars  im- 
ported from  countries  which  pay  an  export  bounty.  Under  the  first  head, 
taking  as  a  base  raw  sugar  75  per  cent  pure,  the  duty  is  95  cents  per  100 
pounds.  This  duty  is  increased  Si  cents  on  each  additional  per  cent  of 
sugar,  thus  bringing  the  duty  on  pure  sugar  up  to  182i  cents  per  100.  The 
Dutch  standard  is  a  case  of  14  bottles  filled  with  sugar  of  different  colors, 
ranging  from  dark  brown  (No.  7)  to  almost  pure  white  (No.  20).  Under 
the  second  head,  the  tariff  is  12^  cents  on  all  sugar  above  No.  16,  the 
division  line  in  the  tariff  schedule.  This  No.  16  is  a  dirty  yellow  sugar, 
unfit  for  use  on  any  of  our  tables.  Practically,  therefore,  the  differential 
duty  of  12i  cents  per  hundred  must  be  paid  on  all  sugar  imported  that  is 
fit  for  consumption.  For  pure  refined  sugar  it  would  make  the  duty  $1.95 
per  100.  Many  European  countries  pay  export  bounty  on  sugar  leaving 
their  ports,  notably  Germany  and  France,  the  chief  sugar-producing 
countries  of  Europe.  For  refined  sugar,  Germany  pays  an  export  bounty 
of  38  cents  per  100  and  France  39  cents.  When  refined  sugar  is  imported 
from  Germany  and  France,  tliereforc,  the  amount  of  duty  to  be  collected 
will  be  195  cents  per  100,  plus  38  cents  and  39  cents  respectively  for  the 
two  countries.  This  largely  increased  duty  would  exclude  all  these  sugars 
from  our  markets  were  it  not  for  the  fact  that  by  reason  of  the  export 
bounty  the  actual  purchasing  price  is  diminished ;  so  that  upon  the  whole, 
by  reason  of  the  low  price  at  which  these  sugars  can  be  purchased, 
they  may  still  be  imported  under  the  increased  rate  of  duty.  The 
annual  consumption  of  sugar  in  the  United  States  is  now  2,000,000  tons 
annually,  of  which  less  than  300,000  tons  are  produced  here.  The  annual 
importation,  therefore,  is  about  1,700,000  tons.  Before  the  civil  war  in 
Cuba,  1,000,000  tons  annually  were  imported  from  that  island,  but  since 
the  war  we  have  imported  from  there  less  than  200,000  tons.  As  a  result, 
the  amount  of  beet  sugar  imported  has  rapidly  increased  until  it  is  now 
800,000  tons  per  annum.  It  is  evident  that  the  secretary  of  the  treasury 
will  be  placed  in  an  embarrassing  position  when  he  levies  for  the  first  time 
against  the  friendly  countries  of  France  and  Germany  a  countervailing 
duty  on  imports  of  sugar,  and  it  will  require  a  rare  combination  of 
diplomacy  and  expert  ability  to  arrange  these  matters  satisfactorily  to 
all  nations  concerned.  The  degree  of  protection  afforded  the  sugar  trust 
by  the  new  schedule  has  been  widely  discussed.  It  is  diflicult  to  deter- 
mine the  amount  of  it.  The  maximum  protection  possible  would  be  69 
cents  per  100  pounds,  but  that  cannot  be  obtained  in  practice.  The  min- 
imum protection  would  be  124  cents,  but  this  will  always  be  exceeded  I  n 
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practice.  The  actaai  protection  will  vailry  according  to  the  character  of 
the  raw  sugars  imported.  Inasmnch  as  the  character  of  the  raw  sagars 
is  largely  under  the  control  of  our  importers,  it  Is  fair  toassnmethatthe 
degree  of  protection  will  be  the  maximum  consistent  with  ordinary  com- 
mercial transactions. 


Thb  it.  S.  idea  in  LATma  out  the  public  lands  and  the  evils  rk- 

SULTING   THEREFROM.      By    BOLTON    WALLER  Db  CoURCY,   TaCOma, 

Washington. 

The  author  assumes  that,  when  Judge  Oliver  Phelps  proposed  the  sys- 
tem, adopted  by  the  United  States  for  the  division  of  public  lands,  by 
north  and  south  and  east  and  west  boundaries,  he  was  actuated  by  the 
idea  of  giving  the  farmer  the  maximum  of  land,  with  a  minimum  of 
fencing.  This,  he  argues,  was  an  error  and  caused  damages  in  various 
ways  on  account  of  slopes  of  greatest  drainage  and  scour,  and  he  sug- 
gests as  a  remedy  the  cultivating  of  the  land  on  lines  of  least  abrasion . 


Wheat  consumption  in  the  United  States.    By  Hbnry  Farquhar, 
Department  of  Agriculture,  Washington,  D.  C. 

The  average  amount  of  wheat  eaten  by  an  individual  in  the  course  of 
a  year  differs  widely  in  different  countries.  At  the  head  of  the  list  is 
France,  with  a  per  capita  consumption  equaling  or  exceeding  eight  bush- 
els ;  at  the  other  extreme  (among  civilized  peoples)  are  to  be  found  Rus- 
sia and  Scandinavia,  whose  demands  for  wheat  do  not  exceed  from  one 
to  two  and  one-half  bushels,  the  place  of  it  being  supplied  by  rye,  oats 
and  barley.  The  British  colonies,  Canada  and  Australasia,  have  a  place 
near  the  head,  followed  closely  by  Great  Britain  herself,  where  the  aver- 
age for  the  last  thirty  years  has  been  ^uite  satisfactorily  shown  to  vary 
between  five  and  one-half  bushels  and  a  little  over  six,  according  to  the* 
cost  of  the  flour.  The  place  of  Germany,  on  the  contrary,  is  low  on  the 
list,  its  people  being  partial  to  rye  bread.  Where  do  the  United  States 
come  in  this  series?  Their  true  position  has  not  yet  been  conclusively 
determined.  Some  estimators,  of  high  capacity  and  care,  have  put  the 
figures  as  high  as  five  and  one-third  or  five  and  two-fifths  bushels  per 
capita  per  annum ;  while  others,  not  inferior  in  care  or  capacity,  have 
made  the  rate  as  low  as  four  bushels.  The  reason  of  this  wide  diver- 
gence is  the  difilculty  of  ascertaining  the  true  amount,  which  difilculty 
results  from  the  extent  of  the  country  and  variations  in  crop-cultivation 
rendering  the  estimates  doubtful,  from  the  considerable  difference  among 
the  different  parts  of  the  population  in  the  degree  to  which  corn-meal  and 
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oth^f  snbdmated  f«^NMfl6tlf,  And  ffom  tbe  ancenalnt^-^not  yet  alto- 
gether remote  --^  aft  to  the  relatlire  ntuaohet  of  those  making  gteat  and 
little  use  of  ftilbitifiltes. 

Thef  e  are  tito  fii«thiMlil  of  aacertaining  the  trheat  conBulnption  of  a 
given  population ;  first,  by  allowing,  from  the  total  WheAt  product  (in- 
creased by  importations  of  wheat  and  flonr,  when  there  are  Importations) 
for  exported  wheat  and  flour  and  for  stocks  nsed  for  seed  (and  for  stocks 
fed  to  animals  when  there  are  such")  the  remainder  being  divided  by  the 
population;  second,  by  actual  account  of  the  consumption  of  certain 
families  taken  aS  fepfeseXitative.  It  is  plain  that  the  first  method  must 
fail  if  \ve  have  not  an  accur&te  reckoning  of  the  total  product,  and  that 
the  second  must  be  misleading  if  we  do  not  select  cases  truly  represen- 
tative, or  if  we  allow  weights  to  the  dlfllefeni  amoaaAs  eolt««med  in 
difl(srent  parte  of  the  eomilf yi  dut  of  proportion  ta  tMe  stiiber  ^  oon- 
sumers  of  those  amousts.  The  Hatianal  Depaniacilt  of  AglKttUiire  ii 
now  investigating  the  <iuettlon  acaof  cUnn:  to  the  seadnd  meHwd,  and  Will 
shortly,  it  is  hopedi  be  able  to  publish  some  deflttlte  resultsw 


Labor  rxstrictions  as  potent  factors  in  social  byolution.     By 
Charles  Porter  Hart,  M.D.,  Wyoming,  O. 

When  we  compare  the  present  state  of  society  with  those  of  former 
periods  of  the  world's  history,  we  are  at  once  struck  with  the  fact  that 
the  fof mar  has  been  the  result,  to  a  vefy  great  extent,  of  the  various 
agencies  aire«!tifi|;  labor;  and  that  in  propoftion  as  the  labor  movement 
has  beea  fr^  and  unrestricted,  except  as  influenced  by  the  operation  of 
natural  laws,  not  only  the  general  happiness  and  Welfare  of  the  peoplci 
but  the  naif  otfii  development  of  all  that  tends  to  the  best  interests  of  so- 
ciety-»  such  as  education,  progress  in  the  arts  and  sciences,  the  moral 
and  Soeial  elevation  of  the  masses,  etc.-^has  so  uniformly  kept  pace  With 
it,  that  We  are  forced  to  the  conclusion  that  the  labof  movement  consti- 
tutes one  of  the  most  potent  factors  in  modem  social  evolution.  This 
f aot  stands  ont  most  prominently,  when  we  observe  the  influetiee  on  soci-* 
ety  produced  by  strikes  among  workmen,  whether  voluntary  on  theif  part 
or  involuntary ;  that  is>  Whether  produced  by  the  action  of  the  natural 
laws  of  trade,  manufactures  and  commerce,  or  by  the  fonse  of  social  or« 
ganiiatioh.  In  the  foritier  case,  the  disturbance,  if  any,  is  so  gradual  as 
to  be  scarcely  discernible,  While  in  the  latter,  they  are  seen  and  felt 
through  every  ramification  of  society,  the  capitalist  suffering  as  well  as 
the  laborer,  the  consumer  as  Well  as  the  produced.  The  tramp  problem  is 
but  a  dependent  branch  of  tbe  labor  motement,  the  vast  army  of  tramps 
throughout  the  country  being  constantly,  though  irregalarly,  augmented 
by  restrietlons  of  the  sort  just  referred  to.  This  army  sertee  as  a  kind 
of  diverticulum,  to  receive  a  portion  of  the  sarplus  labor  of  the  country; 
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Mtional  evil  falls  upon  the  community,  not  only  by  the  '^Ith' 

s  from  thelt  legitimate  pursuits  and  by  the  direct  results 

'  '•^^  n  the  yarioas  products  of  industry,  but  by  the  degra^ 

h*^     ^  For  this  reason^  more  especially,  I  regard  it  as  one 

iJ^^V  '  of  the  times,  that  an  enlightened  Judge  has  Just 

,  "^"^  nenal  offence,  and  injurious  to  society.    This 

u  ^  ^  %  •■  wt  one,  and  will  probably  have  a  most  salutaty 

/^ .    \^  '  ^°  i°  preyenting  strikes  among  laborei^St    That 

♦fc  ^  .^    *  .  ital  and  labor  are  mutual  and  ought  to  Wofk  harmoni'- 

'^*  soes  without  saying;  consequently,  whatlivef  tends  to  les« 

.aon  between  the  two  classes  cannot  but  pf Ove  b^nei^ial  to 

.e  abore  statements  were  supported  by  numerous  f  nets  and  iUli6trft>> 
«>ions  adduced  by  the  author,  most  of  which  were  the  results  of  his  pet^ 
sonal  observations  among  strikers  and  miners. 


Annual  growth  of  ^rsmt  rnsBS.    &y  Prof.  W.  R.  Lazsnbt,  Ohid 
State  University,  Columbus,  Ohio. 


WbightS  of  bees  and  the  loads  thet  caret.    By  Prof.  C.  P.  Gil- 
lette, of  Agricultural  College,  Colorado. 


A  NOtB  ON  THE  SILVER  QUESTION.     By  ARCHIBALD  BLUE,  TofOUtO.  Can. 

The  world's  production  of  gold  and  silver,  computed  in  fine  ounces,  is 
presented  in  the  following  table  by  annual  averages  for  groups  of  the 
first  five  years  of  each  decade  in  the  last  half  of  this  century : 


GOLD. 

8ILVEB. 

1851-55 

6,897,081 

28,429,522 

1861-65 

5,937,245 

35,328,562 

1871-75 

5,579,410 

63,187.718 

1881-85 

4,989,831 

85,569,149 

1891-95 

7,895,166 

160,862,156 

The  first  of  these  quinquenniums  was  the  period  of  the  rush  to  Calif  or» 
nia  and  Australia,  and  of  the  workings  of  rich  placer  diggings  in  both 
of  these  great  gold  fields.  As  compared  with  the  avefage  annual  pro* 
duction  of  the  preceding  ten  years,  there  was  an  inci^ease  of  4,640,180 
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ouDCtfS  flue  gold.  But  as  the  placer  diggings  were  gradnally  worked  out, 
the  annual  output  slowly  decreased  until  In  1881-85  it  fell  below  the  aver- 
age of  the  previous  thirty  years  by  1,467,200  ounces.  The  lowest  point 
was  touched  in  1883,  when  the  production  was  only  4,6U,588  ounces. 
Soon  after  that  came  the  extension  of  the  gold  fields  of  Australia  and 
the  enlarging  of  operations  in  the  United  States,  foUoWed  in  1890  by  the 
development  of  the  Randt ;  and  the  annual  average  of  the  last  quinquen- 
nium showed  an  increase  of  1,498,135  ounces  over  the  first.  For  the  year 
1896  the  production  was  10,167,817  fine  ounces,  being  an  excess  over  the 
annual  average  of  1851-55  of  3,770,786  ounces,  and  over  that  of  the  dec- 
ade 1841-^50  of  8,410,966  ounces. 

The  increase  in  average  annual  production  of  silver  from  1851-65  to 
1861-66  is  shown  to  be  6,899,040  ounces.  Then  ensued  the  workings  of 
the  great  bonanza  mines  on  the  Pacific  slope,  accompanied  a  little  later  by 
extended  operations  in  Mexico  and  developments  in  Australia  —  and  so 
the  annual  average  of  1851-^6  was  exceeded  in  1871-76  by  34,758,196 
ounces,  in  1881-86  by  67,139,627  ounces,  and  in  1891-96  by  132,432,634 
ounces.  For  the  year  1896  the  excess  over  the  average  of  1851-65  was 
167,612,666  ounces,  and  every  year  but  one  of  the  last  twenty  years  shows 
a  steady  increase  of  production,  rising  from  62,679,916  ounces  in  1877  to 
186,042,188  ounces  in  1896. 

The  relations  of  the  two  metals  by  weight  and  commercial  value  are 
shown  in  the  next  table  for  the  periods  under  comparison,  gold  being 
taken  as  the  unit : 

TEARS.  WEIGHT.  VALUE. 

1851-65  1 :  4.44  1 :15.41 

1861-66  1:5.92  1:15.41 

1871-76  1:11.33  1:15.97 

1881-86  1 :17.S2  1 :18.69 

1891-96  1 :20.37  1 :27.27 

The  third  period,  when  there  was  a  large  Increase  in  the  ratio  of  pro- 
duction, shows  also  an  increase  In  the  ratio  of  value ;  but  as  the  demone- 
tization of  silver  occurred  in  1873,  it  may  be  said  that  this  was  the  cause 
of  the  fall  in  the  price  of  silver.  The  downward  movement,  however, 
began  as  early  as  1866,  or  almost  simultaneously  with  the  relative  increase 
in  the  production  of  silver,  and  it  became  accentuated  as  the  dispropor- 
tion in  the  production  of  the  two  metals  went  on.  In  1894  the  price  of 
silver  reached  its  lowest  point,  the  ratio  in  that  year  being  as  1 :  32.60, 
while  the  ratio  of  production  was  as  1  to  19.  In  the  next  year  the  ratio 
of  production  was  1;  18.71  and  the  ratio  of  value  was  1 :  31.65;  and  in 
1896  the  production  was  1 :  18.30  and  value  1 :30.80. 

Apparently  these  figures  show,  as  conclusively  as  statistics  can  prove 
anything,  that,  beyond  some  indefinite  ratio  In  the  production  of  the  two 
metals,  the  price  of  silver  fell  as  the  relative  production  of  it  increased, 
ana  that  as  the  relative  production  of  gold  increased  the  price  of  silver 
rose,  or,  perhaps  more  accurately  stated,  the  price  of  gold  fell. 
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Under  these  circamstances,  and  -with  freedom  of  prodnction  unhindered 
in  any  way,  conld  the  maintenance  of  a'double  standard  and  free  coinage 
have  led  to  any  other  result?  Is  it  in  the  power  of  governments,  by  any 
law  or  regulation  short  of  the  autocratic  limitation  of  the  production  of 
gold  and  silver  throughout  the  world,  to  flx  and  maintain  a  ratio  in  the 
value  of  the  metals  in  currency  or  commerce  that  shall  not  change  or 
vary  with  a  disturbance  of  the  production  ratio?  Is  there  any  law  of 
the  uncanny  that  applies  to  metal  as  coin,  and  does  not^apply  to  it  as  an 
article  of  use  in  the  arts? 

Suppose  we  take  other  metals  besides  gold  and  silver  and  try  to  ascer- 
tain how  a  double  or  quadruple  standard  would  apply  in  their  case.  We- 
may  take  nickel  and  aluminium,  both  of  which  possess  qualities  suitable 
for  coinage  purposes  but  around  which  there  has  gathered  no  glamour 
of  prescription. 

Nickel  has  been  used  as  a  coin  metal  in  the  United  States  and  Mexico, 
as  well  as  in  several  countries  of  continental  Europe.  Twenty  years  ago, 
when  the  only  mine  in  America  that  yielded  nickel  was  the  little  mine  at 
Lancaster  Gap  in  Pennsylvania,  the  average  price  of  the  refined  metal  was 
^  per  pound  avoirdupois,  being  $2.49  per  pound  troy  or  20|  cents  per 
ounce.  At  the  gold  standard  this  would  be  represented  by  a  ratio  of  1  to 
100.  Since  then  the  extensive  nickel  deposits  of  New  Caledonia  and  On- 
tario have  been  discovered  and  opened  up,  and  the  processes  of  treating  the 
ore  and  re  fining  the  metal  have  been  greatly  improved ;  and  although 
nickel  CO  ntinues  to  be  coined  into  money  its  commercial  price  in  a  free 
market  has  fallen  to  28  cents  per  pound  avoirdupois,  being  28  cents  per 
pound  troy,  or  less  than  two  cents  per  ounce,  which  at  the  gold  standard 
would  be  represented  by  a  ratio  of  1  to  1000.  At  the  present  rate  of 
working,  the  mines  of  Ontario  coiild  produce  2,500  tons  of  refined  nickel 
a  year  and  that  output  might  readily  be  increased  flve-f old  or  ten-fold. 
Is  there  any  power  in  governments  or  conventions  which  could  support 
the  free  coinage  of  nickel  at  a  standard  of  1  to  100  when  the  commercial 
value  of  the  metal  has  been  divided  by  10? 

In  1854,  when  the  first  sample  of  refined  aluminium  was  obtained  from 
its  ore,  an  ounce  cost  almost  as  much  as  an  ounce  of  gold.  Three  years 
later,  by  an  improved  process  of  treatment,  it  was  produced  at  $60  per 
kilo,  which  is  $27.27  per  pound  avoirdupois,  or  $1.87  per  ounce  troy. 
Compared  with  gold  as  the  standard,  this  wonld  be  represented  by  a  ratio 
of  1  to  11.  Better  and  cheaper  methods  were  adopted  in  the  course  of  a 
few  years,  and  in  1893  there  was  manufactured  in  the  United  States  295,- 
000  lbs.  avoirdupois  of  the  metal,  valued  at  $191,750,  or  nearly  four  and 
one-half  cents  per  ounce  troy.  In  1896,  with  larger  facilities  of  produc- 
tion, the  output  was  increased  to  1,800,000  lbs.  avoirdupois,  valued  at  $540,- 
000,  or  very  nearly  three  cents  per  pound  troy.  At  this  value  aluminium 
would  compare  with  the  gold  standard  as  1  to  689  instead  of  as  1  to  11, 
the  ratio  of  forty  years  ago. 

Now  with  the  great  increase  that  has  taken  place  in  the  production  of' 
nickel  and  aluminium,  and  the  invention  of  methods  for  cheaper  separa 


tilQli  of  the  meUils  from  their  ores*  is  it  coiiceiyable  that  the  Talaes  of 
tweqty  or  forty  yei^rs  a^o  could  be  kept  down  to  the  present  time  l^  the 
simple  scheme  of  selecting  these  metals  along  with  gold  and  silTer  for 
ooinage  uses  iind  fixing  a  conyentlonal  sta^di^rdf  Or  would  not  the  same 
thipg  happen  in  their  case  as  in  the  case  of  silver  when  the  dislocation 
ol  ratios  of  production  took  place? 

The  great  invention  of  Sir  Henry  Bessemer  made  possible  the  girding  of 
this  continent  with  r^l^l^ys*  Since  the  first  shops  were  opened  in  Sheffield 
thirty-five  years  ago  to  apply  Bessemer's  process,  the  price  of  steel  rails 
h«s  f ftUen  from  ^ISO  to  ^20  and  less  per  ton,  freight  charges  have  fallen 
proportionately,  i^id  areas  of  land  equal  in  extent  to  whole  empires  of  the 
old  world  hivve  been  brought  under  cultivation  in  the  new.  One  of  the 
first  fruits  Qf  this  enlargement  of  farmland  on  the  prairies  of  the  western 
states  and  of  northwestern  Canada  was  the  slump  in  the  price  of  wheat, 
for  the  increase  in  the  qnantity  grown  wm  much  greater  than  the  increase 
in  the  number  of  consumers.  But  just  as  the  equilibrium  is  about  being 
iwstored  fkgain,  another  enlargement  of  the  area  of  wheatland  looms  up 
irith  the  prospect  of  an  earl^  completion  of  the  railway  across  Siberia. 
4  few  d^ys  «gQ  it  was  announced  that  the  government  at  Washington 
propoaed  to  send  a  commission  into  northern  Asia  to  ascertain  its  fitness 
for  the  growth  of  wheat,  no  doubt  with  the  praiseworthy  object  of  pre- 
Pl^lng  the  farmers  of  the  United  States  for  the  situiition  this  possible 
lival  region  may  create. 

It  is  well  to  be  forewarned,  but  new  fields  for  the  cultivation  of  wheat 
miiy  not  be  the  only  disturbing  element  that  confronts  us.  The  large  in- 
crease in  the  world*s  production  of  gold,  which  had  its  beginning  with 
this  decade,  has  already  begun  to  tell  upon  the  relative  values  of  gold  and 
silver,  i^nd  no  one  can  say  what  the  end  will  be.  Within  two  years,  dur? 
ing  which  the  production  of  silver  was  Increased  by  19,440,198  ounces, 
the  ratio  or  gold  and  silver  production  fell  from  X  to  19  to  1  to  18.30,  and 
the  ratio  of  value  from  1  to  82.60  to  1  to  80.80.  Other  gold  fields  are 
opening,  some  in  northern  Ontario  and  some  in  the  Yukon  territory  of 
northwestern  Canada.  Fabulous  stories  of  the  richness  of  the  Klondike 
valley  are  told;  single  pannlngs  are  reported  to  yield  nuggets  of  metal 
ranging  in  value  from  ^500  to  ^1,000 ;  and  other  valleys  in  the  territory 
hundreds  of  miles  in  extent  are  supposed  to  hold  as  rich  placers  as  the 
Klondike.  These  diggings  promise  to  add  very  largely  to  the  world's 
production  of  gold,  and  when  the  quartz  veins  in  the  mountains  are  dis- 
covered out  of  which  the  nuggets  have  been  washed  down  by  the  streams 
it  is  not  Improbable  that  the  records  of  the  mines  of  Califomia,  Aus- 
tralia and  Witwatersrandt  may  cease  to  excite  our  wonder  or  stir  our 
avarice.  An  addition  of  5,000,000  ounces  to  the  world's  yearly  produc- 
tion of  gold  would  Inevitably  tend  to  bring  dovm  the  ratio  toward  the 
old  standard  around  which  gold  and  silver  played  for  nearly  two  centuries 
preceding  the  dislocation  whose  origin  we  trace  to  the  development  of 
the  silver  mines  of  America  and  Australia  within  the  last  thirty  years. , 

The  gold  wealth  of  Yukon  would  appear  to  be  as  worthy  of  investl^^ 
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tion  by  goYemments  engaged  in  studying  the  problem  of  a  gold  standard 
or  the  free  coinage  of  silver,  as  is  the  probability  of  the  Siberian  steppes 
becoming  troublesome  rivals  of  the  American  prairies  in  growing  wheat 
supplies  for  the  world's  markets. 


Joint  sessions  of  the  Section  with  the  Society  for  the  Promotion  of  Ag- 
ricultoral  Science  were  held  on  August  12  and  18. 


EXECUTIVE  PROCEEDINGS. 


REPORT  OF  THE  GENERAL  SECRETARY. 


General  Session,  Monday  Mornikg,  August  9. 

The  first  General  Session  of  the  Forty-sixth  Meeting  of  the  American 
Association  for  the  Advancement  of  Science  was  called  to  order  at  10.45 
A.  M. ,  Monday,  August  9, 1897,  in  the  Auditorium  of  the  Central  High  School 
of  Detroit,  Professor  Theodore  Gill,  the  senior  Vice  President  of  the 
Buffalo  Meeting  presiding  on  account  of  the  decease  of  the  retiring  Presi- 
dent Edward  D.  Cope.  Prayer  was  offered  by  the  Rev.  Father  Van  An- 
twerp ;  after  which  a  musical  selection  was  rendered  by  Mr.  Marshaix 
Pease. 

Professor  Gill  then  introduced  Professor  W  J  McGke,  the  senior  Vice 
President  of  the  meeting,  as  the  acting  President  in  the  absence  of  Dr. 
WoLCOTT  GiBBS,  the  President  elect  of  the  Detroit  Meeting.  Professor 
MgGeb  read  a  letter  from  Dr.  Gibbs  expressing  his  regret  at  being  unable 
to  l>e  present  on  account  of  the  condition  of  his  health. 

Professor  McGee  then  introduced  His  Honor  Mayor  Maybury,  who 
welcomed  the  Association  in  part  as  f  oUows : 

It  is  with  a  very  pleasurable  feeling  that  I  welcome  you,  ladies  and 
gentlemen,  to  this  hospitable  city.  During  the  months  of  this  summer, 
now  passing  away,  it  has  been  my  pleasure  as  mayor  of  the  city  to  wel- 
come all  sorts  and  conditions  of  men.  We  have  welcomed  those  who 
came  for  pleasure  as  well  as  those  who  came  for  business ;  those  who 
were  of  a  religious  turn  of  mind  as  well  as  those  who  were  seeking  for 
good  fellowship  only.  Upon  all  these  people  we  have  endeavored  to  leave 
the  impression  that  we  were  hospitable,  and  that  as  a  people  we  were  as 
care-free  as  any,  and  yet  calm  and  serious  minded. 

We  may  claim  to  be  something  of  a  scientific  city,  founded  upon  this 
fact :  there  was  formed  here  years  ago,  by  the  late  Bela  Hubbard,  a  man 
of  God-like  character,  a  society  which  was  in  fact  the  beginning  of  your 
great  organization.  We  have  established  the  place  of  your  meeting  in  a 
building  devoted  to  science  and  to  education.  If  environment  serve  to 
influence  the  character  of  your  work,  we  may  well  hope  that  your  l>est 
work  may  be  done  here  within  these  walls. 

Our  hospitality  is  Intended  to  be  unconditional  and  unconflned,  but  I 
would  like  to  ask  of  you  a  personal  favor.    I  wish  you  would  add  to  your 
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program  a  discussion  of  a  very  important  municipal  subject,  which  might 
be  paraphrased  as  follows :  *  How  can  the  mayor  of  a  goodly  city  coerce 
a  wicked  and  recalcitrant  council?*  or,  if  you  think  it  best,  we  might  haye 
a  scientific  discussion  and  decision  of  the  opposite  question,  *  How  can  a 
wise  and  patriotic  council  lead  into  the  ways  of  righteousness  a  weak  and 
headstrong  mayor?'  If  you  will  solve  this  question  scientifically  for  us 
we  shall  be  most  amply  repaid  for  all  that  we  can  possibly  do  for  you. 

There  is  to  my  mind  no  better  illustration  of  the  progress  of  the  times 
towards  right  and  justice  than  the  scene  of  the  happy  codrdination  now 
going  on  between  religion  and  science.  A  true  science  fits  and  confirms 
a  true  religion,  and  no  religion  worthy  of  the  name  is  to-day  unwilling  to 
have  its  merits  considered  in  the  light  of  the  most  advanced  scientific 
discovery.  Happily  it  may  be  said  that  so  confirming  have  the  truths  of 
one  been  of  the  truths  of  the  other  that  they  are  recognized  as  hand- 
maidens. 

We  hope  that  your  meeting  here  will  be  pleasant,  os  we  have  endeavored 
to  make  the  environment  all  that  could  be  desired.  You  are  visiting  a 
city  that  has  passed  through  more  than  one  dispensation,  beginning  with 
the  early  French  explorer,  then  living  under  the  Cross  of  King  George, 
and  now  and  forever  under  the  Stars  and  Stiipes.  We  trust  you  will  go 
about  this  Zion  of  ours,  having  enjoyed  the  beauty  of  our  palace  and 
cottage  homes,  so  that  you  may  be  able  to  tell  those  who  come  after. 
Again  I  bid  you  welcome. 

Professor  McGee  next  introduced  Honorable  Thomas  W.  Palmer  who 
spoke  as  follows:  Amid  the  general  scramble  for  money,  place  and 
power  which  characterizes  the  present  age  it  is  gratifying  to  know  that 
there  is  an  increasing  number  of  men  and  women  who,  ignoring  the  com- 
mon objects  of  ambition,  have  devoted  themselves  to,  and  are  diligent  in  the 
unselfish  pursuit  of  truth.  They  are  those  who  believe  that  not  all  of 
truth  is  contained  in  papyri  and  palimpsest,  or  within  the  covers  of  sa- 
cred books,  but  that  the  Almighty  is  constantly  revealing  Himself  in  the 
lamina  of  the  rocks,  in  the  sublime  march  of  the  glaciers,  in  the  light- 
ning, the  wind,  the  storm,  in  the  firmament;  in  the  verdure  of  the  field, 
the  foliage  of  the  forest,  and  In  all  insect  and  animal  life. 

Although  the  lips  of  prophecy  have  long  been  sealed  and  the  inspired 
pen  no  longer  transcribes  its  messages,  these  men  and  women  find,  in  the 
phenomena  of  nature,  history  related  with  accuracy  and  predictions  cer- 
tain to  be  verified.  Formerly  it  was  considered  that  there  was  a  confiict 
between  science  and  religion.  Let  us  hope  that  that  day  has  long  been 
passed  and  that  the  more  enlightened  public  recognizes  that  religion  has 
to  do  with  the  spiritual  nature  of  man  and  science  with  physical  phe- 
nomena. And  what  Is  science?  1  have  asked  the  question  of  many,  and 
some  have  said  with  hesitancy,  why,  science  is  science,  and  until  I  had 
given  the  subject  careful  thought  I  would  have  made  the  same  answer. 
Herbert  Spencer  defines  It  as  the  extension  of  our  perceptions  by  means 
of  reasoning ;  but  he  admits  that  that  is  not  a  full  definition. 


REPORT   OF  THE  GENERAL   SECRETARY.  467 

For  the  benefit  of  myself  and  others  who  are  seeidng  for  a  popular 
definition  I  would  oflSer  the  following  in  deep  humility,  for  I  know  noth- 
ing about  science,  hoping  that  it  may  be  assailed  and  discussed  until  a 
proper  definition  is  arrived  at.  I  would  define  science  as  **  the  classifica- 
tion of  phenomena  to  the  end  that  principles  may  be  established  and  de- 
clared, from  which  may  be  deduced  rules  of  action  which  shall  be  applicable 
in  particular  cases.** 

Where  did  science  first  originate?  Back  of  the  dawn  of  history,  when 
primeval  man,  emerging  from  his  shelter  of  the  cave,  before  he  had  even 
built  him  a  hut,  commenced  to  compel  the  forces  of  nature  to  his  use.  It 
must  have  made  many  strides  before  Assyria  or  Chaldea  arose  above  the 
horizon,  for  we  know  that  the  Chaldeans  had  advanced  ideas  of  astron- 
omy, and  Job  himself,  although  a  poet,  must  have  associated  with 
scientific  men  or  been  in  the  vicinity  of  a  scientific  society,  for  he  speaks 
of  Orion  among  the  constellations  and  Arcturus  and  the  Pleiades  and,  un- 
doubtedly if  Arabic  had  been  invented  at  that  time,  he  would  have  spoken 
of  Aldebaran.  He  must  have  heard  of  natural  history  judging  from  the 
use  that  he  makes  of  such  knowledge  in  his  writings. 

Again  Egypt  must  have  had  a  knowledge  of  mechanics  and  engineering 
before  she  erected  *'  those  temples,  piles  and  monuments  stupendous,  of 
which  the  very  ruins  are  tremendous."  And  if  we  read  aright  she  must 
have  had  knowledge  of  acoustics  if  the  story  of  Memnon  discoursing 
music  to  the  rising  sun  be  true. 

How  did  science  originate?  By  extended  observations,  experience  and 
comparison.  The  first  savage  who  played  in  the  water  with  his  reed,  as 
a  baby  does  with  a  straw  blowing  and  sucking  it,  gave  the  first  illustra- 
tion of  hydraulics.  The  little  savage  playing  in  the  woods  at  the  ancient 
game  of  see-saw  would  find  that  the  heaviest  boy  had  to  sit  nearest  the 
center,  and  this  would  give  the  first  suggestion  of  the  lever  which,  re- 
peated and  experimented  upon  and  modified,  led  to  the  lever  with  which 
Archimedes  proposed  to  raise  the  world  if  he  only  had  a  fulcrum.  The 
first  man  who  gave  a  formula  for  scientific  methods,  as  far  as  I  know,  was 
Aristotle  when  he  declared  that  **  all  reasoning  must  be  based  upon  facts.*' 
Then  came  Archimedes  with  his  invention  of  the  screw,  and  all  of  those 
devices  with  which  history  delighted  our  boyish  eyes  in  reciting  how  he 
defended  Syracuse.  Then  came  the  Ptolemies,  who  were  philosophers 
as  well  as  kings,  and  who  described  a  degree  of  longitude  upon  the  sand 
of  the  Mediterranean.  They  made  Alexandria  a  school  of  scientific  men. 
In  Alexandria  they  had  libraries,  zodloglcal  and  botanical  gardens,  dis- 
secting and  astronomical  schools.  I  forgot  to  state  that,  nearly  two  thou- 
sand yeard  before  Magelhin  circumnavigated  the  globe,  Eratosthenes  had 
declared  the  earth  to  be  globular  and  measured  its  circumference  by  as- 
tronomy. 

In  the  dissoluteness  of  the  first  years  of  the  Roman  Empire,  Science, 
slighted  and  discouraged,  made  no  progress,  and  during  the  dark  ages,  ' 
scorned  and  persecuted,  she  fled  from  Christendom  to  the  courts  of  Cor- 
dova and  Bagdad.    Her  rehabilitation  commenced  with  the  downfall  of 
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the  Greek  empire  Vfhen  bright  men  fled  from  Constantinople  to  tlie  yrest 
and  gave  an  impulse  which  the  world  feels  to-day.  Then  came  Colum- 
bus, Copemiens,  Galileo,  Bruno,  Galvani,  Volta,  Watt,  Newton,  La  Place, 
La  Volsier,  Priestly,  Stephenson,  Darwin,  Huxley,  Tyndall,  Lubbock,  and 
in  our  own  country,  Franklin,  Morse  and  Fulton.  These  great  men  have 
enthroned  science  as  a  goddess  demanding  no  homage,  but  which  all  think- 
ing men  look  up  to  with  reverence  and  respect.  She  has  been  the  hand- 
maid of  religion  in  elevating  humanity,  and  with  each  successive  step  new 
vistas  open  revealing  greater  wonders  beyond.  She  has  dragged  gold 
Arom  the  mine  and  filled  the  coffers  of  the  rich,  she  has  furnished  fine 
linen  within  which  they  may  sleep.  She  has  given  them  purple  for  ves- 
ture, asking  nothing  in  return.  Like  the  blessings  of  Heaven  her  bene- 
fits fall  upon  the  just  and  the  unjust. 

She  has  lifted  the  poor  to  comfort  and  taught  the  rules  of  correct 
living.  She  has  manacled  the  pestilence  which  stalketh  at  noonday  and 
strangled  the  Afrite  of  the  sewers.  She  has  declared  the  laws  of  sani- 
tation so  that  he  who  runs  may  read. 

What  her  future  will  be  no  man  can  foretell,  but  we  know  that  it  will 
accumulate  untold  blessings  upon  the  race. 

To  you,  gentlemen  of  the  American  Association  for  the  Advancement  of 
Science,  we  may  say  that  we  regard  your  meeting  here  as  a  red  letter  day 
for  our  city.  Where  you  hold  your  sessions,  a  century  ago  the  Indian 
wielded  his  tomahawk  and  the  wild  fox  dug  his  hole  unscared.  May  this 
convocation  be  productive  of  good  results  as  I  know  !t  will,  for  the  estab- 
lishment of  truth  cannot  but  be  beneficent  to  humanity. 

In  responding  to  the  addresses  of  welcome,  Acting-President  MgGkb 
noted  the  advance  of  science  in  this  country  since  the  institution  of  the 
Association.  The  organization  has  been  in  existence  nearly  half  a  century ; 
it  was  created  to  meet  a  wide-felt  need  on  the  part  of  American  citizens 
for  definite  information  concerning  the  phenomena  of  nature;  and  during 
each  year  of  its  existence  it  has  diffhsed  exact  knowledge  by  means  of  pub- 
lic addresses  and  technical  papers  as  well  as  through  the  published  pro- 
ceedings. During  the  half  century  of  its  existence,  scientific  progress  has 
been  incomparably  more  rapid  than  ever  before,  and  the  methods  and  pur- 
poses of  research,  as  well  as  the  mental  characteristics  of  the  investiga- 
tor, have  become  known  among  the  people  so  generally  as  to  affect  thought 
in  every  community  and  in  nearly  every  family.  A  half-century  ago  the 
very  name  of  science  was  unknown  to  most  of  our  people ;  to-day  science 
is  inculcated,  not  only  in  the  universities  but  in  the  colleges  and  even  in 
the  primai-y  schools ;  to-day  the  literature  of  science  fills  great  libraries ; 
to-day  every  magazine  designed  for  cultured  readers  contains  half  as  much 
of  science  as  of  pure  literature ;  while  the  daily  metropolitan  press  and 
even  the  weekly  village  newspapers  regularly  contain  columns  of  matter 
designed  to  be  scientific  In  character.  When  the  Association  was  created, 
science  was  regarded  by  its  few  votaries,  and  by  the  limited  circle  of  laymen 
who  knew  of  it,  as  somethimjj^part  from  every-day  interests ;  now  the 
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fruits  of  science  are  within  the  reach  of  all  men,  and  there  is  no  important 
industry  in  this  great  industrial  country  that  is  not  shaped  by  scientific  re- 
search ;  now  the  phenomena  of  nature  are  known,  and  the  knowledge  is  a 
power  daily  utilized  in  controlling  our  magnificent  natural  resources.  The 
growth  of  America  during  the  last  half  century  has  been  beyond  parallel 
in  the  history  of  nations ;  and  this  growth  may  be,  indeed  must  be,  ascribed 
to  a  single  great  cause,  i.  e.,  the  conquest  of  natural  forces,  the  subjuga- 
tion of  natural  conditions,the  utilization  of  natural  resources, through  scien- 
tific research.  So  the  history  of  the  half  century  has  been  one  of  unpre- 
cedented scientific  progress,and,at  the  same  time,  one  of  unequaled  material 
progress  through  the  diffusion  and  utilization  of  science  for  the  promotion 
of  human  welfare ;  and,  while  many  instrumentalities  have  contributed  in- 
directly toward  making  this  history,  there  is  but  one  which  has  contrib- 
uted directly,  intentionally,  and  constantly,  and  that  is  the  Association  for 
the  Advancement  of  Science  to  which  the  far-sighted  citizens  of  Detroit 
have  extended  a  cordial  invitation  and  a  most  hospitable  reception. 

The  members  of  the  Association  may  well  rejoice  In  the  evidence  of  the 
success  of  their  efforts  visible  on  every  hand;  their  coming  was  hastened 
and  made  easy  by  mechanical  devices,  many  of  which,  invented  since  the 
Association  was  created,  were  first  made  known  in  Its  meetings ;  they  are 
received  in  homes  and  hostelries  made  pleasant  and  healthful  through  san- 
itary and  hygienic  devices  whose  germs  they  nursed ;  they  are  greeted  by 
a  statesman  whose  well-weighed  words  demonstrate  tlieir  success  in  dif- 
fusing scientific  method  in  the  inner  circles  of  statecraft,  and  by  a  munic- 
ipal administrator  whose  justly- appreciated  strength  lies  in  his  command 
of  ideas  based  on  scientific  inquiry.  This  officer,  withal,  is  modest,  as  be- 
fits the  student,  and  begs  for  guidance  at  the  hands  of  the  wise  men  within 
his  gates ;  but  they  are  no  less  distrustful  of  their  own  sagacity,  and,  after 
viewing  the  magnificent  streets  of  one -of  the  world's  fairest  cities,  the 
superb  public  buildings,  the  air  of  law  and  order  pervading  Detroit,  and 
the  innumerable  other  indications  of  successful  municipal  control,  can  only 
assure  him  that  they,  not  he,  must  take  the  place  of  the  learner.  It  must 
be  especially  gratifying,  too,  to  every  member  of  the  Association,  interested 
as  they  are  in  education  in  its  deepest  and  broadest  sense  to  note  the  evi- 
dence of  wise  and  liberal  educational  policy  displayed  in  Detroit.  The 
Central  High  School  building  assigned  to  the  Association  for  the  use  of  this 
meeting  is  the  fittest  and  most  comfortable  meeting-place  of  recent  years; 
and  at  the  same  time  it  is  a  model  structure  for  school  purposes,  apparent- 
ly the  finest  and  best  in  all  our  land  of  public  schools. 

Hospitality  is  an  inspiration,  intelligence  challenges  intelligence,  and 
culture  breeds  culture ;  so  the  hospitality  extended  to  the  Association  and 
the  Intelligence  and  culture  of  the  hosts  and  hostesses  of  Detroit  presage 
^  successful  meeting. 

Professor  McGrb's  remarks  were  followed  by  musical  selections  ren- 
dered by  Miss  Mary  L.  Denison  and  Mr.  Marshall  Pkase. 

The  following  announcements  were  made  by  the  Gen^eral  Secretary  : 
1.    The  Council  recommends  that  the  daily  sessions  be  held  f^om  10  to 
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12,  and  from  2  to  5  p.  m.  on  Monday,  Tnesdsy,  Wednesday,  Tharsday  and 
Friday. 

The  recommendation  was  nnanimonsly  adopted. 

2.  The  CouKaL  nominates  L.  O.  Howard  of  Washington  as  Vice 
President  of  Section  F,  to  fill  the  vacancy  caused  by  the  death  of  Dr. 
6.  Brown  Goodb. 

Dr.  Howard  was  unanimously  elected  Vice  President. 

8.  In  case  any  section  chooses  to  appoint  a  Press  Secretary  he  shall  be 
elected  on  the  nomination  of  the  Secretary  of  the  Section. 

A  letter  from  Mr.  Hskrt  M.  Utlkt,  Librarian  of  the  Public  Library 
of  Detroit,  was  read,  extending  to  the  Association  the  privileges  of  that 
library. 

After  announcements  by  Mr.  John  A.  Rusbbll,  the  Local  Secrxtart; 
the  session  adjourned. 

Evening  Session,  Monday,  August  9. 

The  Association  assembled  at  8.80  p.  m.,  Acting  President  McGbb  in 
the  chair.  A  memorial  address  on  Professor  Edward  D.  Cope,  the  de- 
deceased  president  of  the  Bufblo  meeting,  was  delivered  by  Professor 
TiBEODORB  Gill  of  Washington. 

After  the  address  a  reception  was  given  to  the  Association  in  the  High 
School  building  by  the  members  of  the  Local  Committee. 

General  Session,  Tuesday  Morning,  August  10. 

The  General  Session  was  called  to  order  at  10  a.  m..  Acting  Prbsident 
McGbb  presiding.  The  General  Secretary  announced  the  following 
action  by  the  Council  : 

1.  E.  W.  Claypole  was  nominated  as  Chairman  of  Section  E,  to  fill 
the  vacancy  caused  by  the  absence  of  Professor  White.  Professor  Clay- 
pole  was  unanimously  elected  .Vice  President. 

2.  The  privileges  of  the  Association  were  granted  without  fee  to  vis- 
itors who  are  members  of  foreign  societies  of  high  standing. 

8.  When  a  past  president  or  vice  president  visits  a  Section  the  presid- 
ing officer  is  to  invite  him  to  a  seat  on  the  platform. 

An  invitation  was  read  from  Hughes  and  Sargeant,  photographers, 
requesting  the  Association  to  assemble  at  12.80  to  be  photographed. 

An  invitation  was  read  from  Parke,  Davis  &  Co.  for  Section  C  and 
other  members  of  the  Association  to  visit  their  chemical  works. 

A  communication  was  received  from  R.  C.  Hill,  Secretary  of  the  Pan- 
American  Exposition  at  Niagara  Falls  in  1899,  urging  that  the  meeting  of 
the  Association  for  '99  be  held  at  that  place. 

An  invitation  was  read  from  Mr.  Joseph  Berry  of  Grosse  Pointe  to  a 
reception  for  the  members  of  Section  G,  officers  of  the  Association,  and 
the  foreign  guests. 

A  report  was  received  from  the  Committee  on  Science  Teaching,  No 
meeting  had  been  held  and  the  Committee  was  continued  by  the  Council. 
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The  Committee  on  The  Library  of  the  A88oci(Uion,''wblch.  was  deposited 
with  the  University  of  Cincinnati  in  1896;  teports  that  it  Is  properly 
cared  for. 

The  Committee  on  Indexing  Chemical  Literature  reported  to  the  Asso- 
ciation. 

On  acconnt  of  the  illness  of  Dr.  Brinton,  the  Committee  for  the  study 
of  the  White  Bace  in  America  was  continued  by  the  Council. 

Section  H  was  granted  permission  by  the  Council  to  hold  a  winter 
meeting. 

The  Session  then  adjourned. 

Gsnkral  Session,  Wednesdax  Morning,  August  11. 

The  Association  was  called  to  order  at  10  a.  m.  by  Acting  Frbsident 
McGbe. 

The  appointment  by  the  Council  of  the  following  Committee  to  secare 
uniform  nomenclature  in  scientific  work  was  announced :  Messrs.  Morse, 
Prescott,  Woodward,  Howard,  and  Colburn  as  chairman. 

The  General  Secretary  announced  that  the  Council  had  elected  Mr. 
John  A.  Russell,  the  Local  Secretary,  a  member  without  fee. 

After  notices  by  the  Local  Secretary  the  Association  adjourned. 


General  Session,  Thursday  Morning,  August  12. 

The  General  Session  was  called  to  order  at  10.10  a.  M.  by  Acting  Pres- 
ident McGer. 

The  Council  elected  as  Fellows  the  following  Members  of  the  Associa- 
tion : — 

Aldrich,  Professor  William  Sleeper,  West  Virginia  Univ.,  Morgantown, 

W.  Va.     (48).    D 
Barrows,  Wilber  B.,  Agricultural  College,  Ingham  Co.,  Mich.     (40)    F 
Bascom,  Miss  Florence,  Bryn  Mawr  Coll.,  Bryn  Mawr.,  Pa.    (42).    B 
Blgelow,  Willard  Dell,  Chem.  Dlr.,  Dept.  of  Agrlc,  Washington,  D.  C. 

(44).    G 
Bowditch,  Charles  P.,  28  State  St.,  Boston,  Mass.     (48).    H 
Bull,  Prof.  Storm,  Madison,  Wis.     (44).    D 

Chester,  Commander  Colby  M.,  U.  S.  N.,  U.  S.  Naval  Academy,  Annapo- 
lis, Md.     (28).    D 
Clarke,  John  Mason,  Ass*t  State  Geol.  and  Paleontologist  of  N.  Y.,  State 

HaU,  Albany,  N.  Y.     (46).    B 
Cowles,  Alfred  H.,  666  Prospect  St.,  aevelapd,  Ohio     (87).    B  G  , 
Daniells,  Prof.  William  W.,  Univ.  of  Wis.,  Madison,  Wis.    (42)    G 
Davis,  Bradley  Moore,  Dep*t  of  Botany,  Univ.  of  Chicago,  Chicago,  111. 

(45).    0 
Golden,  Miss  Katherine  E.,  Lafayette,  Ind.    (42).    0 
Greene,  Prof.  Edward  Lee,  Univ.  of  Cal.,  Berkeley,  Cal.     (42). .,  0 
Gunckel,  Lewis  W.,  486  W.  Second  St.,  Dayton,  Ohio     (41).    B 
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Guthe,  Karl  E.,  Fh.D.,  Instructor  in  Physics,  University  of  Michi^^, 

36  Kingsley  St.,  Ann  Arbor,  Mich.    (45).    B  0 
Hagar,  Stanbury,  Brooklyn,  N.  Y.     (43).    H 
Hill,  John  Edward,  Brown  Univ.,  Providence,  R.  I.    (44).    0 
Horsford,  Miss  Cornelia,  27  Craigie  St.,  Cambridge,  Mass.     (43).    H 
Hrdlecka,  Ales,  M.D.,  823  Park  Ave.,  New  York,  N.  Y.     (46).    H 
Humphrey,  James  Ellis,  Johns  Hopkins  Univ.,  Baltimore,  Md.    (44).  0 
Keep,  Wm.  J.,  Snpt.  Mich.  Stove  Co.,  Detroit,  Mich.    (37).    0 
Keudrick,  Prof.  Arthnr,  Rose  Polytechnic  Inst.,  Terre  Haute,  Ind.    (45). 

B 
Kenyon,  Frederick  C,  Washington,  D.  C.     (46).    F 
Lambert,  Preston  A.,  215  S.  Center  St.,  Bethlehem,  Pa.     (41).    A 
Ldubat,  le  Due  de,  47  rue  Dumont>d'Urville,  Paris,  France      (46) .    H 
Ludlow,  Lt.  Col.  Wm.,  Corps  of  Eng.,  U.  S.  A.,  Army  Building,  New 

York,  N.  Y.  (33).    D  B 
Mac  Dougal,  Daniel  T.,  Univ.  of  Minnesota,  Minneapolis,  Minn.    (44).  0 
Moore,  Clarence  B.,  1321  Locust  St.,  Philadelphia,  Pa.    (44).    H 
Moore,   Prof.  Willis  L.,  Chief  of  Weather  Bureau,  Dept.  of  Agrlc, 

Washington,  D.  C.     (44).    B 
Moulton,  Prof.  Charles  W.,  Poughkeepsie,  N.  Y.     (44).    G 
Noyes,  Prof.  Arthur  A.,  Mass.  Inst.  Technology,  Boston,  Mass.     (45).  C 
Orleman,  Miss  Daisy  M.,  M.D.,  Peekskill  Military  Academy,  Peekskill, 

N.  Y.     (40).    P 
Parks,  C.  Wellman,  U.  S.  Patent  Office,  Washington,  D.  C.    (42).    D 
Peale,  Albert  C,  M.D.,  U.  S.  Geol.  Survey,  Washington,  D.  C.  (36).  B 
Peirce,  George  James,  Botanical  Dept.,  The  University  of   Indiana, 

Bloomington,  Ind.    (44).    Q 
Ries,  Heinrich,  Ph.B.,  Columbia  College,  New  York,  N.  Y.     (41).    B 
Ripley,  William  Z.,  Ph.D.,  Newton,  Mass.     (44).    H  I 
Russell,  Frank,  Instructor  in  Anthropology,  Harv.  Univ.,  Peabody  Mu- 
seum, Cambridge,  Mass.     (45).    H 
Sharp,  Dr.  Clayton  H.,  Ithaca,  N.  Y.     (45).    B 
Snyder,  Prof.  Harry,  St.  Anthony  Park,  Minn.     (44).    G 
Speyers,  Clarence  L.,  Rutgers  College,  New  Brunswick,  N.  J.     (36).    G 
Spinney,  L.  B.,  Ames,  Iowa    (42).    B 
Taylor,  F.  B.,  Box  2019,  Fort  Wayne,  Ind.     (39).    B 
Thornburg,  Charles  L.,  Prof.  Math,  and  Astron.,  Lehigh  Univ.,  South 

Bethlehem,  Pa.    (44).    A 
Wagner,  Frank  C,  care  Wm.  Wagner,  Ann  Arbor,  Mich.     (34).    D 
Washington,  Dr.  Henry  S.,  Locust,  N.  J.     (44).    B 
Whitman,  Prof.  Charles  O.,  Chicago,  111.     (43).    F 
Willoughby,  Charles  C,  Peabody  Museum,  Cambridge,  Mass.    (45).    H 
Witmer,  Lighten,  University  of  Pennsylvania,  Philadelphia,  Pa.     (46). 

H 
Woll,  Fritz  Wnhelm,  Madison,  Wis.    (42).    G 
Woods,  Albert  F.,  U.  S.  Dept.  Agrlc  ,  Washington,  D.  C.     (43).    G 
Worcester,  Dean  C,  Ann  Arbor,  Mich.  (46)  F  H 
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It  was  annpnnced  that  tlie  Council  recommends  to  the  favorable  con- 
sideration of  the  Association  the  movement  to  raise  fUnds  for  a  statue 
Gauleo  Frrraria. 

Through  the  Council  a  report  was  received  from  the  Committee  on  the 
Uniftcation  of  Scientific  Xomenrlature.  The  report  was  accepted  by  the 
Council  and  ordered  printed  by  the  Permanrnt  Srckbtary. 

It  was  announced  that  the  Council  had  repealed  the  action  taken  at 
the  Buffalo  Meeting,  abridging  the  amount  of  matter  to  be  printed  in  the 
annual  volume.  On  motion  of  Mr.  Hale  a  resolution  was  passed  ap- 
proving the  action  of  the  Council  in  returning  to  the  former  method  of 
publication. 

From  the  Water  Commissioners  of  Detroit  an  invitation  was  received 
for  the  Association  to  visit  the  water  works. 

After  notices  by  the  Local  Secretary  the  session  adjourned. 

General  Session,  Friday  Morning,  August  13. 

The  General  Session  was  called  to  order  at  10.40  a.  h.  by  Acting  Pres- 
ident McGee. 

The  following  announcements  from  the  Council  were  made  by  the 
General  Secretary  : 

1.  The  Secretary  of  Section  C  presented  to  the  Council  the  report  of. 
Mr.  Isaac  Ott  on  his  investigation  of  the  physiological  effect  of  Glucl- 
Dum  chloride  on  cold  and  warm  blooded  animals. 

2.  The  Council  allows  a  grant  of  $100  to  the  Marine  Biological  Labora- 
tory at  Woods  Hole  for  1898,  the  Committee  on  the  table  at  this  laboratory 
to  consist,  for  1898,  of  the  incoming  and  outgoing  vice-presidents  of  Sec- 
tions F  and  G,  together  with  the  director  of  the  laboratory. 

This  grant  the  treasurer  was  authorized  to  make  from  the  research 
fund. 

8.  Miss  Luella  Agnes  Owen  made  a  gift  to  the  Association  of  $10. 
Professor  F.  C.  Robinson  made  a  gift  of  $17.  These  gifts  were  grate- 
fully accepted  by  the  Council  and  the  Treasurer  was  Instructed  to  place 
the  sums  to  the  credit  of  the  permanent  funds  of  the  Association. 

4.  The  Council  appointed  the  following  as  a  Committee  on  Extending 
the  Influence  of  the  Association  into  the  Secondary  Schools :  E.  S.  Morse, 
W.  Orr,  jr.,  T.  C.  Chamberun. 

A  statement  was  made  by  the  General  Secretary  regarding  the  place 
of  meeting  of  the  Association  in  1898,  the  jubilee  year  of  the  Associa- 
tion. Invitations  were  received  from  Cincinnati,  Omaha,  Niagara  Falls 
and  the  following  urgent  invitations  were  received  also  to  meet  in  Boston. 

Botton  Society  qf  Natural  History , 

BostoHt  MatBachusetts,  June  9, 1897. 
Prof.  F.  W.  Putnam, 

Sbc't  amebican  Association  for  the  Advancement  of  Science. 
Bbab  Sib:— 

At  a  special  meeting  of  the  Council  of  the  Boston  Society  of  Natural  History  held 
to-day  It  was  voted  that  the  Council,  In  behalf  and  In  the  name  of  the  Society,  Invite 
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the  American  ABBociation  for  the  Advancement  of  Science  to  hold  the  Fiftieth  Annl. 
Tersary  of  the  Aasodatlon  in  1806,  in  the  City  of  Boston. 

The  Society  can  asBnre  the  members  of  the  Association  a  cordial  welcome  on  the 
part  of  the  people  of  Boston  and  Camhridge. 

Tours  truly, 

Sam'l  Hekshaw, 

CcmmumwtdUh  of  MasiachmeUs,  Executive  Departmadt 
Botian,  JtOy  2, 1897. 

MM8BS.  F.  W.  PuTKAM,  CAolriMan;  Chab.  S.  MnvoT,  Pre$.;  Sam'l  Hbhshaw,  See'y; 

COMMITTBE  OF  THS  COUHCIL  OF  THB  BOVTOX  SOCISTT  OF  NATURAL  HiSTORT. 

Gbntlbmbn  :— 

I  have  heard  with  mnch  interest  that  it  is  the  purpose  of  the  Boston  Society  of  Nat- 
aral  History  to  extend  an  Invitation  to  the  American  Association  for  the  Advance- 
ment of  Science  to  hold  its  fiftieth  anniversary  in  the  dty  of  Boston  in  Angnst,  18K. 
I  earnestly  tmst  that  this  purpose  may  be  accomplished. 

It  would  seem  to  be  especially  proper  that  the  Association  should  complete  Its  half 
century  on  the  soil  where  it  was  bom,  and  we  of  Massachusetts  believe  that  nowhere 
in  the  country  would  the  Association  receive  a  more  cordial  reception  or  be  able  to 
hold  a  meeting  that  would  be  more  likely  to  prove  agreeable  and  interesting  to  those 
who  participate  in  It.  Ever  hospitable  to  all  movements  for  the  advancement  of  edn- 
cation  and  science  the-  Commonwealth  will  extend  a  warm  welcome  to  the  members 
of  this  distinguished  Association. 

Very  truly  yours, 

ROOEB  WOtCOTT. 


CUy  of  Boeton,  Office  of  the  Maifcr, 
City  HaU,  June  24,  1897. 
F.  W.  Putnam,  Esq., 

CHAIBMAN  of  COMMTrTBB  OF  COUNCIL,  OF  BOSTON  SOCIETY  OF  NATUBAL  HI8- 
TOBY,  CABE  OF  BOSTON  SOCIETY  OF  NaTUBAL  HISTOBY,  BOSTON,  MASS. 

Dbab  Sib  '.— 

I  beg  to  acknowledge  the  receipt  of  the  communication  dated  June  18th,  signed  by 
yourself  and  others  on  behalf  of  the  Boston  Society  of  Natural  History.  I  am  glad  to 
learn  that  it  is  proposed  to  hold  the  fiftieth  anniversary  of  the  American  Association 
for  the  Advancement  of  Science  in  Boston  next  year.  On  behalf  of  the  city»  I  take 
pleasure  in  extending  to  the  Association  a  cordial  Invitation  to  come  to  Boston  for  its 
meeting  of  next  year,  and  If  the  Association  decides  to  meet  here  the  city  authorities 
will  certainly  do  anything  in  their  power  in  the  way  of  assisting  in  the  arrangements. 
I  am  sure  that  our  citizens  would  esteem  it  an  honor  to  have  the  Association  select 
Boston  as  the  place  in  which  to  celebrate  its  fiftieth  anniversary. 

Tours  respectfully, 

J<»SIAH  QUINCY, 

Maifor. 


Matsachwetts  Institute  of  Technology^  Boston,  July  30, 1897. 

Pbof.  Fbbdebick  W.  Putnam, 

Sbcbetabt  amebican  Association  fob  the  Advancement  of  Science: 
Deab  Sib:— 

The  Corporation  and  Faculty  of  the  Massachusetts  Institute  of  Technology  have 
learned  with  great  interest  that  other  InstitutlonB,  in  or  near  Boston,  will  extend  to 
the  American  Association  for  the  Advancement  of  Science  an  invitation  to  hold  its 
Jubilee  meeting  of  1388  in  this  city. 
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We  join  most  cordially  in  the  invitation,  recalling  with  gratification  the  Intimate  con- 
nection of  oar  first  President,  William  Barton  Rogers,  with  the  early  years  of  the  As- 
sociation, and  beg  to  assure  you  that  we  shall  nse  erery  effort  in  cooperation  with 
other  Institutions  and  societies  to  make  the  meeting  of  1896  a  success  worthy  of  the  As- 
sociation and  of  the  city. 
Appreciating  your  courtesy  In  transmitting  this  message  to  the  Association,  we  are, 
Respectfully  yours, 

J.  M.  Crafts, 

Chairman  ofFaeuUy. 
Harbt  W.  Ttleb, 

Secretary, 


Harvard  Univeriity,  Cambridge,  June  82, 1897, 

The  President  and  Fellows  of  Harvard  College  desire  to  unite  with  other  Massachu- 
setts Institutions  of  learning  in  inyiting  the  American  Association  for  the  Advance- 
ment of  Science  to  hold  its  fiftieth  anniversary  in  Boston,  in  August,  1898;  and  they 
have  the  honor  to  invite  the  Association  to  visit  the  grounds,  buildings  and  collections 
of  Harvard  University  on  one  of  the  days  of  the  meeting,  and  to  take  luncheon  with 
them  in  Memorial  Hall. 

For  the  President  and  FeUows  of  Harvard  College, 

Charles  W.  Euot, 

Preeident, 


Boston  UnifferaUy,  PreHdent*9  Office,  June  23, 1897, 
Messrs.  F.  W.  Putnam,  Charles  8.  Mikot  axd  Saxuel  Hevshaw,  Committee, 
Gentlemen:— 
Tour  welcome  communication  of  the  9th  inst.  reached  me  too  late  to  be  laid  before 
our  University  Council.  Vacation  had  already  begun  and  every  member  but  one  was 
absent  in  Europe  or  elsewhere.  Not  until  to-day  have  I  had  opportunity  to  consult 
even  with  Dean  Huntington  of  our  College  of  Liberal  Arts  who  has  now  returned  for 
a  few  days.  Personally  and— so  far  as  is  proper— oflicially,  I  desire  to  join  in  the  pro- 
posed inviUtion  of  the  Boston  Society  of  Natural  History  to  the  American  Association 
for  the  Advancement  of  Science  to  hold  its  fiftieth  anniversary  in  our  city.  I  regret 
that  I  have  not  the  formal  and  express  authorization- of  the  Council,  but  I  have  no 
doubt  my  colleagues  would  desire  me  to  write  with  equal  heartiness  in  their  name. 

Wishing  you  success  in* this  and  in  all*  other  good  undertakings,  I  remain,  as  ever, 
with  high  respect. 

Tours  faithfully, 

W.  F.  Warren, 
PreHdent  Boeton  Univertity, 


Maseachutetts  Horticultural  Society,  Boeton,  July  3,  1897. 

Profs.  F.  W.  Putnam,  Chairman;  Chas.  8.  Minot,  Pree.;  Sam'l  Henshaw,  Sec^y; 

Committee  of  the  Council  Boston  Societt  of  Natural  History. 
Gentlemen:- 

At  a  meeting  of  this  Society  held  this  day,  upon  advice  of  the  Executive  Committee 
after  hearing  yours  of  June  9th,  and  after  the  reading  of  your  letter,  it  was  voted,  as 
in  the  second  vote  herewith  enclosed. 

I  may  say  that  yours  of  June  9th  was  brought  before  the  first  meetings  of  Executive 
Committee,  and  of  this  Society,  since  its  receipt. 

At  present  President  of  the  American  Forestry  Association,  which  has  usually 
joined  with  the  American  Association  for  the  Advancement  of  Science,  I  trust  they 
will  also  join  in  the  meeting  and  be  included  in  the  special  rates. 

Respectfully  yours, 

Francis  H.  Appleton, 

Preeident. 
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Voted: ^Thht  the  ExecatlTO  Committee  advise  that  the  MasBachuBetts  HortlcaU 
taral  Society  unite  with  the  Boston  Society  of  Natural  History  in  inriting  the  Amer- 
ican Association  for  the  Advancement  of  Science  to  hold  Its  meeting  (flftieth 
anniversary)  in  1896  in  the  city  of  Boston. 

Voted:— Th&tthe  Massachusetts  Horticultural  Society  unite  with  the  Boston  Society 
of  Natural  History  in  inviting  the  American  Association  for  the  Advancement  of 
Science  to  hold  its  meeting  (flftieth  anniversary)  in  1896  in  the  city  of  Boston. 


^At>palachian  Mountain  Club,  Boston,  Mass.,  July  28, 1897. 
Prof.  p.  W.  Putnam. 
Dear  Sib:- 
It  gives  me  pleasure  to  inform  you  that  the  "Appalachian  Mountain  Club"  joins 
other  organizations  in  BoHton  in  extending  an  Invitation  to  the  American  Association 
for  the  Advancement  of  Science  toehold  Its  Jubilee  meeting,  in  1896,  in  Boston. 

Sincerely  yours, 

B08BWEIX  B.  Lawrence, 

Recording  Secretary. 


American  Academy  of  Arts  and  Sciences, 
Boston,  June  IS,  1897. 

To  THE  SECRETABT  OF  THE  AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT  OF 

Science. 
Sir:— 

I  am  directed  by  the  Executive  officers  of  the  American  Academy  of  Arts  and 
Sciences  to  extend  to  the  American  Association  for  the  Advancement  of  Science  a  cor- 
dial invitation  to  hold  their  flftieth  anniversary,  in  1896,  in  the  city  of  Boston.  The 
Academy  itself,  which  unfortunately  holds  no  stated  meeting  until  the  autumn,  wlU 
be  asked  on  the  flrst  opportunity  to  ratify  this  action  of  Its  ofllcers  and  will  doubtless 
do  so  with  unanimity. 

No  more  flttlng  place  than  the  city  in  which  It  was  organized  can  be  found  for  the 
Jubilee  meeting  of  the  Association,  and  the  Academy  will  take  every  possible  meas- 
ure to  make  the  meeting  rival  In  Interest  that  held  here  in  1880. 

Respectfully  yours, 

Samuel  H.  Scudder, 

Corresponding  Secretary. 


Tufts  College,  Mass.,  June  19,  1897. 
To  the  American  Associatioit  for  the  Advancement  of  Science. 
Gentlemen  :— 
In  behalf  of  the  Trustees  and  Faculty  of  TufU  College,  I  hereby  extend  an  InviU- 
tlon  to  your  Society  to  hold  Its  meeting  commemorating  the  flftieth  anniversary  of  Its 
founding  in  the  city  of  Boston. 

Tufts  College  will  be  glad  to  do  what  it  can  in  cooperation  with  other  institutions  of 
learning  to  make  the  meeting  pleasant  and  profltable. 

Very  respectfully, 

Elmer  Hewitt  Capbn, 

President. 
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The  following  letter  was  received  after  the  adjournment  of  the  meeting. 

Booms  of  the  Essex  Institute,  Salem,  Mass.,^Aug,  20,il897. 
To  The  President  of  the  Amxbicajx  Association  fob  the  Advancement  of 

Science. 
Deab  Sib:— 

By  vote  of  the  Board  of  Directors  of  the  Essex  Institute,  I  amilDBtmctod  to  extend 
to  the  American  Association  for  the  Advancement  of  Science  a  cordial  inviution  to 
devote  one  day,  daring  the  next  year's  annual  meeting,  to  a  visit  to  Salem. 
In  transmitting  this  vote,  I  need  not  add  that  I  heartily  concur  in  the  action  taken, 

And  am  with  great  respect, 

Yours  truly, 

BOBEBT  S.2RANTOUL, 

President. 

The  resignation  was  announced  of  Permanent  Sbcrbtart  Putnam, 
to  take  place  at  the  beginning  of  the  next  meetinjr,  and  appropriate  re- 
marks regarding  Mr.  Putnam's  services  to  the  Association  were  made 
by  Acting  President  McGeb.  , 

Certain  amendments  to  the  Constitation  proposedfat  the  Buffalo  meet- 
ing were  brought  np  and  after  discussion  by  Messrs.  Hale,  Faikchild, 
WooDWAKD,  MoKSB  and  others,  were  passed,^having  more  than  the  nec- 
essary three-fourths  vote  of  those  present. 

These  amendments  were : 

1.  In  Article  9,  in  place  of  1st  and  2nd  lines,  strike  out  in  General 
Session  and  iosert  by  the  Nominating  Committeejo  that  the  first  clause  of 
Art.  9  shall  read,  The  officers  of  the  Association  shall  be  elected  by  ballot 
by  the  Nominating  Committee. 

2.  In  Art.  17,  the  second  sentence  shall  read : 

Vacancies  in  the  offices  of  Vice  President,  Permanent  Secretary,  Gen- 
eral  Secretary,  Secretary  of  the  Council,  and  Treasurer,  shall  be  filled  by 
the  Council  by  ballot. 

3.  In  Article  19  the  second  sentence  shall  read :  It  shall  be  the  duty  of 
this  Committee  to  meet  at  the  call  of  the.  President  and  elect  the  general 
officers  for  the  following  meeting  of  the  Association. 

4.  In  Article  19,  the  third  sentence  shall  read :  It  shall  be  the  duty  of 
this  Committee  to  fix  the  time  and  place  for  the  next  meeting. 

5.  In  Article  20,  the  first  sentence  was  amended  to  read : 

The  Association  shall  hold  a  public  meeting  annually,  for  one  week  or 
longer,  at  such  time  and  place  as  may  be  determined  by  vote  of  the  Nom- 
inating Committee,  etc. 

6.  In  Article  37,  the  word  admission  was  stricken  out. 

The  question  being  raised,  Acting-President  McGee  ruled  that  the 
amendments  to  the  constitution  took  effect  immediately  on  adoption.  He 
also  expressed  the  opinion  that  the  selection  ofofflcers  for  the  ensuing  year 
by  the  Nominating  Committee  was,  under  the  amended  constitution,  tanta- 
mount to  election,  and  invited  contrary  opinion ;  no  objection  was  made ; 
he  then  ruled  that  the  officers  chosen  by  the  Nominating  Committee  were 
thereby  elected,  again  inviting  contrary  expression.  No  objection  being 
made,  the  officers  chosen  by  the  Nominating  Committee  were  declared 
elected. 
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[For  list  of  officers  elected  for  the  next  meeting  see  page  x  of  this  rol- 
nmei] 

In  accordance  with  the  action  of  the  Nominating  Committee,  Boston 
was  announced  as  the  place  of  meeting  for  1898. 

It  was  announced  that  the  Council  approved  the  action  of  a  Committee 
of  Section  A  recommending  that  the  Association  should  take  no  action 
regarding  the  change  of  the  time  of  beginning  the  Astronomical  day. 

The  Pkrmansnt  Sbcrbtary  read  the  list  of  members  deceased  since  the 
last  meeting.    [See  page  lxxix  of  this  volume.] 

The  Local  Secrbtart  made  several  announcements  after  which  the 
session  adjourned. 

Final  Gkneral  Srssion,  Friday  Evening,  August  18. 

The  General  Session  met  at  8  p.  m.,  Acting  President  McGee  in  the 
chair. 

The  following  actfon  of  the  Council  was  announced  by  the  General 
Skcretart  : 

Special  Committees  were  continued  as  follows : 

1.  Auditors,  personnel  the  same  as  in  1897. 

2.  On  Indexing  Chemical  Literature,  personnel  the  same  as  in  1897. 
8.    On  the  Association  Table  in  Biological  Laboratory  at  Wood's  Holl, 

to  consist  of :  incomiog  and  outgoing  vice-presidents  of  Sections  F  and 
G,  together  with  the  Director  of  the  laboratory. 

4.  On  the  Policy  of  the  Association,  to  consist  of :  The  President, 
Chairman,  the  Permanent  Secretary,  the  Treasurer,  together  with 
L.  O.  Howard,  T.  C.  Mbndenhall,  W.  H.  Brewer  and  Mansfield  Mer- 

RIMAN. 

5.  On  Standards  of  Measurements,  personnel  the  same  as  in  1897. 

6.  On  Standard  Colors  and  Standard  Nomenclature  of  Colors,  personnel 
the  same  as  in  1897. 

7.  On  the  Association  Library,  personnel  the  same  as  in  1897. 

8.  On  the  Study  of  the  White  Race  in  America,  personnel  the  same  as 
In  1897. 

9.  To  Cooperate  with  the  National  Educational  Association,  etc.,  per- 
sonnel the  same  as  in  1897. 

10.  To  represent  the  Association,  etc.,  personnel  the  same  as  in  1897. 

Permanent  Secretary  Putnam  gave  a  brief  account  of  the  Detroit 
meeting,  after  which  resolutions  of  thanks  were  introduced  by  Messrs. 
Morse,  Wither,  Fairchild,  Bakkbr,  Hall,  Giix,  Prbscott,  Wood- 
ward and  Putnam.  These  resolutions  were  to  express  the  gratitude  of 
Association  to  the  following : 

1.  To  the  school  authorities  of  Detroit. 

2.  To  Principal  Bliss  of  the  Central  High  School. 

8.    To  the  High  School  students  who  served  as  ushers  and  to  the  High 
School  Band. 
4.    To  the  Ladies  of  Detroit  for  flowers. 
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5.  To  the  Ladies'  Reception  Committee. 

6.  To  Mr.  Joseph  Berry  of  Orosse  Pointe. 

7.  To  the  Water  Commissioners  of  Detroit. 

8.  To  the  Park  Commissioners  of  Detroit. 

9.  To  the  Detroit  City  Railway  Company. 

10.  To  the  Press  of  Detroit. 

11.  To  the  Ladies  of  the  Local  Committee. 

12.  To  the  Local  Committee  and  the  Ladies  of  the  Local  Committee. 

A  reply  to  these  resolutions  was  made  by  Mr.  Gkoror  William  Bates 
of  Detroit,  after  which  the  meeting- for  1897  was  declared  adjourned. 

AsafhIHall,  jit. 

General  Secretary, 
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It  was  considered  desirable  that  the  Association  slionld  hold  its  meeting 
for  1897  in  a  city  easily  accessible  to  Toronto,  the  place  of  meeting  of  the 
British  Association  for  that  year.  It  was  therefore  decided  to  accept 
the  invitation  received  from  the  city  of  Detroit  in  preference  to  many 
others  cordially  extended  by  cities  of  the  east  and  west. 

In  accordance  with  the  custom  of  the  Association  by  which  a  foreign 
guest  from  a  national  scientific  association  becomes  a  member  without 
fee  for  the  meeting,  all  the  privileges  of  the  Detroit  meeting  were  offered 
to  members  of  the  British  Association  who  might  honor  the  American 
Association  with  their  presence.  Several  members  of  the  British  Asso- 
ciation and  other  foreign  scientists  accepted  the  invitation  and  became 
the  guests  of  the  Local  Committee  during  the  meeting. 

The  British  Association,  acting  in  accordance  with  its  Coustitution, 
invited  all  members  of  the  American  Association  to  become  members  of 
the  Toronto  meeting  on  the  same  footing  as  the  old  members  of  that 
Association,  that  is,  by  the  payment  of  the  annual  assessment  for  that 
meeting.  By  special  action  of  the  General  Committee,  the  President, 
Vice  Presidents,  Secretaries  and  Treasurer  of  the  Detroit  Meeting,  and 
the  past  presidents  of  the  American  Association  were  invited  to  attend 
the  Toronto  meeting  as  Honorary  Members  of  the  British  Association. 
A  large  number  of  members  and  officers  of  the  American  Association 
attended  the  Toronto  meeting,  where  they  were  courteously  entertained 
and  made  welcome  to  take  part  in  the  meeting. 

The  meetings  of  both  Associations  were  unusually  interesting  and  suc- 
cessful. At  the  banquet,  at  the  close  of  the  Toronto  meeting,  many 
expressions  of  international  good  will  were  uttered  by  leading  represen- 
tatives of  the  respective  associations. 

At  the  meeting  held  in  Detroit  in  1875  the  attendance  was  165  out  of  a 
total  membership  of  807.    At  this  second  meeting,  1897,  the  membership 
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numbered  1610  and  the  attendance  was  292  including  21  foreign  scientists, 
as  follows :  — Michigan,  52,  of  which  21  were  from  Detroit;  New  York, 
47;  Ohio,  82;  Washington,  D.  C,  24;  Massachusetts,  22;  Illinois,  15; 
Pennsylvania,  14;  Indiana,  9;  Maryland,  8;  Canada,  7;  Iowa,  6;  Mis- 
souri, 5;  Connecticut,  8;  New  Hampshire,  8;  Wisconsin,  8;  Texas,  2; 
Kansas,  2 ;  North  Dakota,  2 ;  South  Carolina,  2 ;  Kentucky,  2 ;  Maine,  1 ; 
Rhode  Island,  1 ;  New  Jersey,  1 ;  Nebraska,  1 ;  Washington,  1 ;  Minne- 
sota, 1 ;  Florida,  1 ;  Louisiana,  1 ;  North  Carolina,  1 ;  Colorado,  1 ;  Cali- 
fornia, 1;  England,  14;  Scotland,  2;  Ireland,  1;  France,  1;  Italy,  1; 
Austria,  1;  China,  1. 

A  memorial  address  on  the  scientific  career  of  the  deceased  President 
of  the  Association,  Professor  Edward  D.  Cope,  was  read  by  Professor 
Theodore  Gill.  Nine  Vice  Presidents  delivered  addresses  before  their 
respective  sections.  Three  reports  of  committees  were  presented.  241 
papers  were  read  before  the  sections,  and  59  in  joint  session  with  affil- 
iated societies,  as  follows:  A,  19;  B,  89;  joint  session  A  and  B,  4;  C, 
43,  and  joint  session  with  American  Chemical  Society,  11;  D,  16;  fi,  15, 
and  joint  session  with  American  Geological  Society,  10;  F,  18,  and  joint 
session  with  Association  of  Economic  Entomologists,  25 ;  G,  81 ;  H,  35 ; 
I,  25,  and  joint  session  with  Society  for  Promotion  of  Agricultural 
Science,  9. 

Of  the  125  members  elected  since  the  Buflblo  meeting  and  during  the 
Detroit  meeting,  97  have  perfected  their  membership  and  9  of  those 
elected  at  the  Bufiklo  meeting  and  1  elected  at  the  Springfield  meeting 
have  also  perfected  their  membership ;  16  have  paid  their  arrears  and  these 
have  been  restored  to  the  roll ;  by  mistake  1  was  omitted  from  a  former 
list  but  is  now  restored;  1  more  founder  of  the  Association  has  been 
added  to  the  list  as  Honorary  Life  Member;  making  125  names  added  to 
the  roll  since  the  Buflklo  volume  was  published. 

From  the  Buflklo  list  20  names  (including  1  founder  of  the  Association) 
have  been  transferred  to  the  list  of  deceased  members;  81  members  and 
fellows  have  resigned;  and  266  have  been  omitted  for  arrearages;  mak- 
ing a  deduction  of  817  from  the  list. 

48  members  have  been  transferred  to  the  roll  of  fellows,  and  one 
founder  of  the  Association  has  been  restored  to  the  list  as  life  fellow. 

The  following  is  a  comparative  statement  of  the  roll  as  printed  in  the 
Springfield  and  Bufiklo  volumes  and  in  the  present  volume :  — 

Springfield.  Bufiklo.  Detroit. 

Living  patrons    ....           2                             2  2 

Corresponding  member     .1                            1  1 

Members 1115  991  844 

Living  honorary  fellows  .3                             8  8 

Fellows        792  805  760 

1918  1802  1610 

Honorary  life  members  (founders) 

included  in  above  8  6  6 
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The  distribntion  of  publications  since  the  last  rei>ort  is  as  follows :  — 

Memoir  No.  1 :  sold,  8  copies. 

Proceedings,  Vols.  1-44:  deliFered  to  members,  219;  sold,  28;  ex- 
changes, 58 ;  duplicate  copy  to  member,  1 ;  duplicate  copy  to  exchange, 
1 ;  presented,  69;  »  371. 

Bought,  10;  received  as  donation,  14;  =  24. 

Vol.  45 :  delivered  to  members,  1858 ;  sold,  26 ;  exchanges,  249 ;  dupli- 
cate to  exchange,  1 ;  presented,  5 ;  =  1684. 

Returned  by  member,  1;  received  as  donation,  1;  returned  by  ex- 
changes, 2;  =  4.    Subscription  has  been  received  for  1  copy  of  Vol.  46. 

Several  Important  changes  in  the  Constitution  were  adopted  at  the 
Detroit  Meeting.  The  action  taken  by  the  Council  at  the  BuAilo  Meeting 
in  relation  to  the  publication  of  papers,  by  title  only,  in  the  volume  of 
Proceedings,^  was  revoked  by  the  Council  at  the  Detroit  Meeting. 

In  closing  this  my  last  Report  as  Permanent  Secretary  of  the  Associa- 
tion, I  am  closing  a  most  interesting  chapter  In  my  life  career,  —  one  that 
I  am  forced  to  bring  to  an  end  through  pressure  of  other  duties.  This 
active  service  rendered  to  the  Association  for  a  term  of  twenty-five 
years,  during  which  time  I  have  attended  every  meeting  and  edited  every 
volume  of  the  Proceedings,  has  brought  me  into  constant  and  close  touch 
with  the  scientific  men  and  women  of  the  country.  It  has,  through 
correspondence,  aiforded  constant  intercliange  of  thought  with  scientific 
minds,  and  has  been  productive  of  much  congenial  companionship  and 
many  lifelong  friendships.  As  I  look  back  and  recall  the  many  apprecia- 
tive words,  courteous  attentions  and  helpful  nets  of  my  fellow  members 
of  the  Association,  I  feel  that  this  period  of  my  life  will  remain  with  me 
always  as  something  more  than  a  pleasant  memory  unmarred  by  a  dis- 
cord or  regret. 

F.  W.  Putnam, 

Permanent  Secretary. 
December  81,  1897. 
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REPORT  OF  THE  TREASURER. 

In  compliance  with  article  15  of  the  Constltntlon,  I  have  the  honor  to 
submit  the  following  report  showing  receipts,  dirtbnrsements,  and  dispo- 
sition of  funds  of  the  Association  for  the  year  ending  June  30, 1897. 

Receipts  have  come  into  the  keeping  of  the  Treasurer  from  five  dif- 
ferent sources,  namely:  first,  from  life  membership  commutations; 
secondly,  from  subscriptions  to  the  General  Fund  of  the  Ai^soclation ; 
thirdly,  from  subscription  of  Mrs.  Esther  Herrman  for  the  Association  to 
the  Pasteur  Monument  fund ;  fourthly,  from  current  receipts  transferred 
by  the  Permanent  Secretary;  and,  fifthly,  from  interest  on  funds  of  the 
Association  deposited  in  sayings  banks.  The  aggregate  of  these  receipts 
for  the  year  is  $764.85. 

Disbursements,  made  In  accordance  with  the  directions  of  the  Council, 
amount  In  the  aggregate  to  $550.00. 

The  details  of  receipts,  disbursements,  and  disposition  of  funds  are 
shown  In  the  following  Itemized  statement. 


THE  TREASURER  IN  ACCOUNT  WITH 
The  Ambrican  Association  for  the  Advancement  of  Sceencb. 

Dr. 

1897. 
June  SO.  To  balance  from  last  account  $5383  51 

To  amount  received  from  life  membership 
commutation 50  00 

To  amount  received  from  subscriptions  to 
General  Fund 10  00 

To  amount  received  firom  Mrs.  Esther 
Herrman  for  subscription  to  the  Pasteur 

.    Monument  fund 100  00 

To  amount  received  from  F.  W.  Putnam, 
Permanent  Secretary        ....  400  00 

To  amount  received  as  interest  on  funds  of 
the  Association  deposited  In  savings 
banks  as  follows : 

From  Cambridge  Savings  Bank,  Cam- 
bridge, Mass $12  36 

From  Emigrant  Industrial  Bank,  New 
York 46  54 

From  Institution  for  Savings  of  Mer- 
chants' Clerks,  New  York  .      78  73 

From  Metropolitan  Savings  Bank,  New 
York  ....      67  22 

20485 

Total  .  $6148  86 


1896. 
October  3. 

October  9. 

1897. 
June  26. 


June  28. 
Jane  29. 
June  30. 
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By  cash  paid  Dr.  L.  A.  Bauer  as  grant  in 
aid  of   magnetic   survey   of   Maryland  $  50  00 

By  cash  paid  to  Treasurer  of  Pasteur  Mon- 
ument fund 100  00 

By  cash  paid  Prof.  Francis  C.  Phillips  as 

grant  in  aid  of  research  on  properties  of 

natural  gas 50  00 

By  cash  paid  as  grant  to  Marine  Biological 

Laboratory  of  Wood's  HoU,  Mass.  100  00 

By  cash  paid  as  grant  to  the  International 

Bureau  of  Bibliography    ....  250  00 

By  cash  on  deposit  in  banks  as  follows : 

In  Cambridge  Savings  Bank,  Cambridge    $  318  70 

In  Emigrant  Industrial  Savings  Bank, 

New  York 1365  07 

In  Institution  for  Savings  of  Merchants* 

Clerks,  New  York      .  .    2159  53 

In  Metropolitan  Savings  Bank,  New  York     1731  86 

In  Fifth  Avenue  Bank,  New  York    .  23  20 


5598  86 


Total 


^148  36 


New  York,  August  5,  1897. 
I  have  examined  the  foregoing  account,  and  certify  that  it  Is  correctly 


cast  and  properly  vouched. 


Emory  McCuktock,  Auditor, 
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F.  W.  PUTNAM,  PERMANENT  SECRETARY, 
Dr.  The  American  Absociatiok  for 

For  the  pear  ending 


To  balance  from  last  accoant    .... 
Admission  fees  previous  to  Bnffltlo  Meeting 
Assessments  previous  to  BuflUo  Meeting 

Admission  fees  for  Buffalo  Meeting  . 
Assessments       *»        "           ♦*          .        . 
Associate  fees     **        **           «t 
Fellowship  fees 


Publications  sold  and  binding 
Miscellaneous  receipts 


91,178  46 

$   SO  00 

2,843  00 

2,373  00 

856  00 

2,768  00 

90  00 

108  00 

3,316  00 
158  13 

10  88 

f  7,036  41 

1  certify  that  I  have  examined  this  acconnt 


Cambridge,  June  12,  1897. 


CASH  Aocomn*. 
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IN  ACCOUNT  WITH 

THK  AdYANCKHENT  OF  SCIBNCI. 

December  31,1896. 


Cr. 


By  Publication. 

On  accouDt  of  pubUshing  2500  copies  Proceed 
ings  Vol.44: 
For  balance  for  printing 
**    extra  copies  addresses,  etc. 
**    binding       .... 
**    type  witlng  copy,  etc. 
**    wrappers 


On  account  of  publishing  2500  copies  Proceed- 
ings Vol.  46 : 
Por  printing  In  part 

*•    wrappers 

**    extras,  addresses  and  reports 


$826  18 

87  80 

269  70 

10  00 

11  00 

294  41 
14  76 
20  10 

Back  Yolnmes  bbnght 
Binding  back  yolnmes 


2  00 
75 


By  Expenses  Buffalo  Meeting. 

General  expenses 

Printing  Buffltlo  pamphlet 

Preparing,  printing   and   mailing   preliminary 

programs 

Expenses  Section  A 

'*             '*      C    (including  preliminary  pro- 
gram)   

Expenses  Section  D 


F 
G 
H 
I 


By  Oeneral  and  Office  Expenses. 
Rent  of  office  one  year 
Printing  circulars,  cards,  notices,  etc. 
Petty  office  expenses  and  stationery 
Postage  and  Post  Office  box 
Telegraph  and  telephone 
Express         .•       . 


By  Salaries. 

Permanent  Secretary 
Assistant  ** 

Janitor   . 


267  56 

40  00 

58  80 

6  74 

86  50 

11  00 

6  22 

8  85 

7  50 

15  48 

5  00 

108  00 

86  72 

22  56 

881  15 

5  96 

242  50 

,250  00 

720  00 

100  00 

By  Balance  to  new  account 


654  68 


829  26 


2  75 


512  60 


796  89 


2,070  00 
2,670  28 


#7,086  41 

and  that  It  is  correctly  cast  and  properly  vouched  for. 

S.  C.  Chamdlkr.  Auditor. 
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